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SAND AND GRAVEL EXCAVATION - PART 3:! HYDRAULIC DREDGE, 
CLAMSHELL DREDGE, LADDER DREDGE, AND DIPPER DREDGE 


By J. R. Thoenen” 


INTRODUCTION 


This circular is part 3 of the third paper (entitled "Excavation") of a series summariz— 
ing the technical problems involved in the production and preparation of sand and gravel. 
Part 1 discussed the use of power shovels, draglines, and excavator cranes. Part 2 dis— 
cussed the use of power scrapers, slackline cableway excavators, and hydraulio monitors. 
This circular discusses the use of the hydraulic, clamshell, ladder, and dipper dredge. 
Part 4 to follow will discuss the use of haulage equipment, and subsequent parts will discuss 
the application of both excavating and haulage equipment to various types of deposits. 


HYDRAULIC DRETCE 


Judged by the number of installations and the tcnnage produced, as recorded in part 1 
of this circular, the hydraulic or pump dredge is the most popular type of underwater sand 
and gravel excavator. . 

Considered as a complete unit, the hydraulic dredge is essentially individualistic in 
design and reflects a coordination of the requirements of local conditions, operators' de— 
sires, and manufacturers' experience. It has no standardization of design. Each dredge is 
built locally to suit local conditions. Therefore for the purpose of this circular the study 
of hydraulic dredges must be confined to discussion of the fundamentals governing their con- 
struction and operation. | 

In its simplest form the hydraulic dredge consists of a centrifugal pump and its driving 
mechanism, mounted on a wooden or steel hull floating on a natural or artificial body of 
water. (See figs. 7 and 8.) In this form the operation of the dredge may be limited to the 
excavation of gravel and its delivery to socows moored alongside. As such, it performs the 
function of an excavator only. 

Without any material change in design, this same type of dredge may perform the function 
of transportation as well as excavation. The only alt:ration necessary is the extension of 
the pump—discnarge line to the treatment plant cn shore, thus eliminating conveyance by 
barges. Obviously the distance from dredge to plant will govern the scope of work devolving 
upon the pump. 

Where the distance from dredge to plant is too great or presents sufficient difficulties 
to create a doubt as to the economic advantage of combining excavation and transportation 
cuties in the pump, two alternatives are available to the operator. He can either design 

is dredge as an excavator only, or he can use a larger hull and install thereon machinery 
for wholly or partially treating the dredged product. Either alternative leaves the trans- 


1 The Bureau of Mines will welcome reprinting of this paper, provided the following footnote acknowledgment is used: 
“Reprinted from U.S. Bureau of Mines Information Circular 6826." 
2 Senior mining engineer, U.S. Bureau of Mines. 
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portation function to a separate unit consisting usually of towboats and barges. The dredge 
in the former case reverts to the simplest design and performs the single function of exca- 
vation. In the latter case the dredge again performs two functions — excavation and treat- 
ment. In the simpler forms of this design the machinery added washes the dredged material 
and separates the sand from the gravel, discharging both to the transporting unit. The final 
sizing and preparation for market are done at the shore plant. In the more elaborate de- 
velopment the entire treatment plant is installed on the dredge, and finished products only 
are shipped from it to distribution or storage yards ashore. 

Obviously there is a wide range in the design and size of dredges of this type. An 
artificially constructed wet pit in which the deposit consists largely of sand will require 
a very different dredge from one required in a swiftly running river in which the gravel is 
coarse. The distance from distribution or storage sites and the rate of production will also 

affect dredge design. If the dredge is located at a distance from its base it may be neces— 
sary to provide living quarters on it for the crew. If production cemands are great enough 
it. may be necessary to provide quarters sufficiently large for 2 or even.5 crews to enable 
continuous operation. Irrespective of whether 1 or 3 shifts are worked the volume of produc— 
tion required will affect the size and therefore the cesign of the dredge. Bee ee 

| The hydraulic dredge thus may perform simply the function of excavation, may combine 
excavation with transportation, or may combine excavation with either partial or complete 
treatment, These requirements incluce the great bulk of hydraulic-dredge installations, and 
the order in which they are discussed probably represents their relative importance in pres— 
ent use. _ 

There have been further elaborations in design, however, and while these installations 
are comparatively small in number they account for a consideratle tonnage er success— 
fully the peculiar requirements of their localities. : 

In this type of design the pump is installed on a self-propelled anaes or @cean-going 
vessel. This dredge proceeds under its own power to the excavation site,. pumps its hold full 
of gravel, and returns to the shore plant, thus combining excavation and transportation du— 
ties. This design, like that on the larger river or wet-pit dredge, has also been carried 
further. Machinery has been installed for partial or complete preparation of the dredged 
product on board. Thus the modern type of dredge may combine all three functions of excava— 
tion, transportation, and treatment. ; , | 

It is obvious that hydraulic-dredge design, construction, and P epeeneiie characteristics 
cannot be standardized in any but the simplest fundamentals. Consequently hydraulic dredges 
cannot be constructed, assembled, and shipped as a factory unit as can shovels, draglines, 
cranes, and scrapers. The dredge hull may be built at the factory, tut except in extremely 
small sizes it must be assembled and equipped at the site at which it is to ke used or at a 
site from which it can be floated to the excavation point. . 

As an excavating unit the hydraulic dredge consists of a centrifugal pump with its 
driving mechanism mounted on a floating vessel. of more or less elaborate design. Gees 
| It requires a natural or artificial body of water from which to operate. It removes 
gravel from below the surface of the water and can excavate. dry kanks only by undermining and 
caving them into the water. aoe tees et Fe .. Gk tee, node ee 

The pump itself does not dig gravel. The force which actually brings the gravel to the 
pump is the transporting power of water put in motion by the pressure of the atmosphere on 
the water surface. The function of the pump is to destroy the equilibrium of atmospheric 
pressure by creating a partial vacuum insice its suction pipe. Once the end of the suction 
is submerged and the pressure equilibrium cestroyed, atmospheric pressure on the surface 
forces water up the pipe to the pump. The power of the moving water to carry gravel with 
it depends upon its velocity which cepends upon the Gesign and efficiency of the pump. 
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Figure 7.— Plan and elevation of plain hydraulic dredge. 
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Figure 8.— Side elevation and deck plans of hydraulic dredge with quarters for crew. 
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If the suction pipe is lowered to the gravel bed while the pump is in operation the 
inrushing water will carry gravel with it provided that velocity is of sufficient intensity. 
Thus the hydraulic dredge excavates gravel by creating a vacuum within the suction pipe and 
thereby permitting natural forces to move the gravel to the pump. 

In heavy or cemented gravel a mechanical stirring device is used ahead of the end of 
the suction pipe to break up the sand and gravel from its natural position so that the water 
can carry it into the pipe. These. devices, however, do not do any actual excavating. They 
merely disintegrate the material so the water may convey it. 

The hydraulic-dredge pump, however,.has an added function. When the mixture of water 
and gravel has once reached the pump it is no longer affected by the atmospheric pressure on 
the original water surface. From here to the end of the discharge pipe the pump functions as 
a conveyor. - By imparting velocity to the water it causes the water to transport the sand 
and gravel. The velocity attained depends upon the speed of revolution and the diameter of 
the rump impeller. 

The dredge pump then has two distinct. functions, one to create a partial vacuum by which 
to raise the gravel from the deposit to the pump and one to transport the gravel so raised 
to the end of the discharge pipe. 

In performing both of these functions the pump must do more than actually lift and move 
the mixture of gravel and water. Water moving within a confined area such as the suction or 
discharge pipes creates friction with the inner walls of the pipe. Sand and gravel mixed 
with the water so moving greatly increase that friction. The pump must not only move the 
mixture, but it must move it against the friction which that very motion creates. _ 

If the end of the discharge pipe is level with the pump, the pressure or head required 
to transport gravel is only that necessary to overcome friction in the pipe. If the end is — 
below the pump the discharge pressure will be assisted by the action of gravity. If the end 
of the pipe is above the pump the pressure must be sufficient to overcome the action of grav— 
ity in raising ee mixture of water and Ereyee that distance in addition to overcoming frice 
tion. 

Thus it is evident that the hydraulic dredge pump must perform a number of functicns 
wnich are assisted or retarded by natural phenomena. It must create conditions that permit 
natural forces to lift water and gravel from the deposit to the pump. In this it is assisted 
by the atmospheric pressure on the water surface. It is retarded first by the friction cre- 
ated by the material entering the suction, second by the friction created. by the material 
traveling through the pipe, and third by the force of gravity. 

It must force water and gravel through the discharge pipe. In this it is retarded by 
the friction created within the pipe and may be retarded or assisted by gravity according to 
whether the eiechar ee: outlet is above or below the pump. The latter seldom occurs in commer— 
cial practice... | | 

Since the operation of an hydraulic dredge involves the movement of a liquid comprising 
80 to 95 percent of water and 5 to 20 percent by volume of sand and gravel, obviously an 
understanding of the principles under which it operates must comprehend at least a fundamen-— 
tal knowledge of the laws of hydraulics and such modification cf them as may be required by 
the handling of mixtures of sand, gravel, and water. oO 

One of the important natural phenomena involved is the pressure of the atmosphere on the 
weter surface. At sea level this is 14.7 pounds per square inch, and it extends equally in 
all directions. . a ae | 

For all practical purposes water is incompressible. Technically this is not true, but 
its compressibility depends upon its temperature and the amount of air in solution. The 
average change in volume is about 1 percent for a pressure of 5,000 pounds per Square inch. 
Such a change due to pressure is too small to cause serious error in hydraulic calculations; 
hence it is disregarded. 
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Now since water is incompressible and the.pressure of the atmosphere is equal on every 
square inch of the exposed surface, that pressure is automatically communicated to all ma- 
terial lying below the surface of the water without reduction. Therefore the particles of a 
submerged gravel deposit are at all times under a pressure equal to the weight of the atmos- 
phere plus the weight of the water above then. 

Atmospheric pressure decreases roughly 1/2 pound per square inch for each 1,000 feet of 
elevation above sea level; therefore the pressure available to assist the pump varies with 
the elevation of the water surface above sea level. : 

Atmospheric pressure is commonly measured by the mercurial barometer. If a glass tube 
of any convenient diameter and any length is closed at one end, filled with mercury to the 
exclusion of all air, and then inverted with the open end immersed in an open bowl] of mercury 
a certain amount of the mercury in the tube will run out into the dish. Since the upper end 
of the tube is closed, a vacuum will be formed equal in volume to the mercury that has run 
out. This constitutes a mercurial barometer in its simplest form. The atmospheric pressure 
is measured in inches of mercury column between the-.surface of the mercury in the dish and 
the top of the column in the tube. 

At sea level the column of mercury will stand 30 inches high. Therefore 14.7 pounds 
per square inch of atmospheric pressure will sustain a 30-inch column of mercury, or, as 
commonly expressed, 14.7 pounds atmospheric pressure equals 30 inches vacuum. For each 1,000 
feet of elevation above sea level the mercury column drops approximately 1 inch. Therefore, 
since a 1,000-foot change in elevation equals a change of 1 inch in vacuum and 1/2 pound per 
square inch in atmospheric pressure, obviously if either be known at any Decree point the 
other may be calculated from it. : 

Now if instead of mercury in the tube water is used and the open end is inverted and 
immersed in a tank of water, the column in the tube at sea level will stand 34 feet high. 
Therefore a 30-inch vacuum represents a 34-foot water column and each represents 14.7 pounds 
atmospheric pressure. 

This means that if a pump were capable of producing a perfect vacuum at sea level it 
could draw water from a source the surface of which was 34 feet below the pump. In other 
words, the same pump at 30-inch vacuum could raise water against a 54-foot suction head. 

Since a 30-inch vacuum corresponds to a 34—foot suction head, each inch of change in 
vacuum will correspond to 1.13 feet of change in suction head. Thus a pump required to draw 
water against a 28—-foot suction head must be capable of producing £8 divided by 1.13 or 24.8 
inches of vacuum. This is approximately the maximum lift obtainable in commercial practice. 

The revolution of the pump impeller creates a partial vacuum within the pump casing and 
the suction pipe. The degree of vacuum created will depend upon the shape of the impeller 
vanes, the clearance space between impeller and pump casing, the speed of rotation, and the 
diameter of the impeller. These, of course, may vary greatly due to differences in design 
and construction of impellers and pumps. 

A dredging pump is nothing more than a side-suction centrifugal pump, differing in con- 
struction from a water pump of that description only in that it has larger clearances through 
the impeller and casing to enable it to pass-.large-size solids and that the parts are extra— 
heavy and of wear-resisting materials to Bentses wear and abrasion occasioned by the material 
passing through. - 

In operation its function is to pump a stream of water into which is introduced a cer— 
tain percentage of solids. The principal points of difference in operation between a dredg= 
ing pump and a centrifugal side-suction water pump of similar size and characteristics are 
that the dredging pump has a somewhat lower mechanical efficiency, a lower drop in head for 
a given increase in capacity, and a ten“ency to overload the driver with an increase in ca— 
pacity or drop in head. All of these differences are occasioned by the fact that a dredging 
pump must have larger clearances and ports to be able to handle large-size solids. 
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The first duty of the pump is to create a partial vacuum within its casing and suction 
pipe. The vacuum thus produced is used for several purposes,-as follows: (1) To produce 
velocity in the water ascending the suction pipe; (2) to overcome friction in tne suction 
pipe caused by the moving mixture; (5) to raise tle sand, gravel, and water to the surface 
of the water; (4) to lift the mixture from the surface of the water to the center line of 
the pump; and (5) to overcome the inertia of the sand and gravel and cause it to move into 
the suction pipe. 

Qne inch of vacuum corresponds to 1/2 pound per square inch of atmospheric pressure; 
therefore & pump capable of producing 20 inches of vacuum would create 10 pounds per square 
inch difference in atmosphesic pressure between the interior of its suction and the surface 
of the water outside. Since the vacuum produced is independent of the diameter of the suc— 
tion and discharge pipes, evidently the total static-pressure differential created by differ-— 
ent sizes of pumps will vary as the square of the diameter, although the vacuum will remain 
the same. In other words, while the difference in static pressure per square inch remains 
constant for a constant vacuum, the total static pressure differential varies with the cross— 
sectional area of the suction pipe. 

One inch of vacuum is equivalent to 1.15 feet of static head or water barometer. There- 
fore a pump capable of producing 25 inches of vacuum will make available 28.35 feet of static 
head to perform the five tasks enumerated above. 

Table SO presents the equivalent of static head for each inch of vacuum. 


TABLE 50.— din terms of vacuum 
Vacuum, Static head, Vacuun, Static head, 
dnches_ mn POC LW. inghes_ feet 

1 1.1335 16 18.13 
2 2.267 17 19.27 
3 3.400 18 20.40 
4 4.530 19 21.52 
5 5.670 20 22.67 
6 6.800 a1 235.80 
7 7.9490 RA 24.95 
8 9.070 23 26.07 
- 9 10.17 24 27.20 
10 11.333 25 28.33 
11 12.470 26 29.47 
12 13.60 a7 30.60 
13 14.73 28 | 31.73 
14 15.87 29 32.87 
15 17.00 30 34.00 


The degree of vacuum produced by a centrifugal pump is ascertained by reading the gage 
placed on the upper end of the suction pipe near the puzp. A comparison of the observed 
reading with table 30 will show the static head available to perform the functions required 
of the pump. | 

Calculation of the force required to impart velocity to the water in the suction pipe 
follows the laws of falling bodies and may te reduced to a formula, as follows: 

Let Y represent the final velocity in feet per second, g the acceleration or 52.26, and 
bh the static head in feet required to produce the desired velocity. Then 


y? = 2 gh and b = Y’/2g. 
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From this formula the velocity head may be derived (disregarding friction) for any de- 
sired velocity. Experience has shown that sand and gravel pumps operate most pees’ at 
velocities ranging from 5 to 18 feet per second. . oa 

Table 31 gives the static head required to produce velocities within this ane The 
minimum velocity is probably too low for usual practice and would be permissible only under 
specific conditions. Modern practice tends toward increased velocity. 


TABLE 31.- Static head required to produce various velocities 


Velocity, feet - Static head Velocity, feet Static head 
per second required, feet = __per second required foot. 

5 0.39 | a + 2.24 

6 .56 | 13 2.63 

7 AT A 8,085 

8 .995 15 3.50 

9 1.26 re (:) | 3.98 
10 1.55 17 | 4.50 _ 
11 1.88 18 5.04 


The velocity required at any designated installation will depend upon several: factors, 
including the size of gravel particles, length and elevation of discharge line, etc. Custo- 
marily the speed of the pump is set for velocities of 10 to 12 feet per second for sand and 
gravel excavation. ; 

The head required to overcome friction in the suction pipe depends upon a number of 
factors, such as (1) the internal diameter of the pipe, (2) the condition of the internal 
surface of the pipe, and (3) the velocity of flow. . 

Various formulas for the determination of friction head have been prepared by different 
authorities on hydraulics. All are empirical in that they involve the use of constants de- 
termined by experiment to represent the effect of the condition of the interior surface of 
the pipe. For instance, the effect of seams and rivet heads in the interior of spiral pipe 
will be to increase frictional resistance above that required for new, smooth, cast-iron or 
steel pipe. Bends and curves will also increase frictional resistance, but since suction 
pipes are usually short and straight or have curves of large diameter the loss from this 
cause is usually disregarded. 

As ordinarily published, tables of friotion head are for clean water flowing in straight 
smooth pipes. A mixture of sand and gravel in the water will increase the frictional re— 
sistance, depending upon the:'size of the particles. Since the average size of particles will 
vary not only for every deposit but for each particular. portion of any deposit, it is im- 
possible to reduce this effect accurately to a formula that will apply to all conditions ex=— 
cept by citing minimum and maximum limits which have been determined by experience. 

Table 32 presents minimum and maximum friction heads for sand, gravel, and water mix-— 
tures at various velocities in various sizes of pipes. In sand and gravel dredging the loss— 
es due to friction appear to follow Williams and Hazens' tables for clear water based on their 
exponential formula using € = 100. In obtaining the figures for the frictional head for 
sand, gravel, and water mixtures Williams and Hazens' table has been increased 10 percent . 
to obtain the minimum figure and 50 percent to obtain the maximum. The 10 percent increase 
is caloulated to represent not over 10 percent sand with little gravel. More sand or a 
larger ratio of gravel requires a further increase up to the maximum of 50 percent. These 
are arbitrary estimates offered by the author. Accurate measurement of friction in sand and 
gravel dredging is difficult if not impossible for obvious reasons. 
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Since the maximum static head available with a pump creating a perfect vacuum is 34 
feet, Obviously the higher velocities in the smaller-diametor pipes would produce such high 
friction heads as to prevent their pumping sand and gravel at all, even neglecting other head 
losses. 


TABLE 32.~- Friction head for sand, gravel, and water mixtures in feet 
per 100 feet of straipht, smooth pipe 


(Calculated from Williams and Hazens' hydraulic tables; ¢€ = 100) 


Velocity, | Pipe diameters, inches 


feet per | 4 | 5 |B 
__second_ iin, |Max, Min. [Max |Min. |Max.|Min. |Max, |Min. |Max, 
. eee | 4.6! 6.3| 3.6] 4.9] 2.9) 3 eer eer 
Binatedlinas | 6.0| 8.2| " 6.8] 4.0! 2.9| 4,0| 2.2! 3.1 
Coenen tet | “ed 6.7| 9.1| 5. 4] 7 31 3.9! 5.3! 3.0| 4.0 
_ eee [12.0/15.2| 8.6!11.7] 6.9; 9.4] 5.01 6.8! 3.8] 5.2 
eer |13.9|18.9]10.6/14.5| 8.5/11.6| 6.2] 8.4) 4.7] 6.5 
DO fiaisttet |16.7|22.8|12.9|17.6|10.4/14.1|] 7.5|10.2| 5.7| 7.8 
peer eee |20.0|27.3|15.4|21.0|12.7|17.3| 8.9|12.1| 6.9} 9.4 
see |23.4|32.0|18.1|24.8|15.0|20.4/10.5|14.2| 8.1]11.0 
ee VOT oS | Sots |21.0|28.7|17.3/23.6/12.2|16.2| 9.4/12.8 
eee [31.2]... |24.2|33.0]19.8/27.0|14.1]19.2|10.8|14.7 
BD steric. (ees eae [27.4]........|22.5|30.6]16.0/21.8/12.2116.6 
1G osccdee |. fe [30.8]... 125.3|34.5|18.0/24.6/13.7,18.7 
eee ee eee ence ae een ee cies |20.2!27.4|15.4]21.0 
ere Viens cated b aneetal ete 31.4]......../22.3]30.4117.2|23.4 
Velocity, | P meters, inches 

feet per |__32_ |__| | —— 18 —| 20 
acon | [a Min Min. |Max. 
Si, | 1.3] 2.7] 1.2] 2.5] 0.9] 2 3| 0.8| ee? 0.7| 1.0 
Sotto 4 2.5! 1.5| 2.1] 1.3! 1. ‘3| 1.1| 1.5] 1.0] 1.3 
eer | 2.4! 3.3] 2.0! 2.8] 1.7] 2.41 1.5! 2.0] 1.3| 1.8 
ee | 3.2] ap 2.6| 3.5) 2.2] 3.0! 1.9! 2.6] 1.7] 2.3 
Orne | 3.8] 5.2] 3.2] 4.4] 2.8] 3.7| 2.4| 3.3] 2.1| 2.9 
(0 ee | 4.6| 6.3! 3.9] 5 | 3.3| 4.6! 2.9] 4.01 2.6] 3.5 
eer | 5.5| 7.5| 4.7| 6.5] 4.0| 5.4] 3.5| 4.7| 3.1] 4.2 
12 hae | 6.5! 8.8! 5.5| 7.6] 4.7; 6.6) 4.1] 5.5] 3.6| 4.9 
13............1 7.5110.2| 6.5] 8.8] 5.4] 7.4| 4.7] 6.5| 4.2] 5.7 
14......0....[ 8.6]11.7| 7.4[10.21 6.3] 8.5| 5.4] 7.4| 4.8] 6.6 
DO cissenzed | 9.8|13.3| 8.4]11.5| 7.1] 9.7| 6.2] 8.3] 5.5] 7.5 
16 ensue [11.0[15.0! 9.5|12.9| 8.0]11.0) 6.9| 9.5| 6.2| 8.4 
] ere {12.5!17.0110.6114.5! 9 0[12.5) 7.8'10.6| 6.9| 9.5 
eee [13.7/18.7]11.8'26.0|/10.0|13.6; 8.6|11.8| 7.7|10.5 


Since internal pipe friction is a function of the diameter of the pipe and the velocity 
of flow, any increase in diameter will decrease friction but will also reduce velocity. In 
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some installations it is feasible to increase the size-of the suction pipe and.thereby’ reduce 
the velocity of the material entering the pump. This is. not possible in all cases or .ta@ an 
unlimited degree because such a reduction in velocity may destroy the transporting power of 
the entering water. Boogate 

Table 33 shows the capacity in cubic feet of various sizes of pipe for material travel- 
ing at different velocities. oe 

The pump vacuum must next be utilized to lift the sand and gravel from the deposit to 
the surface of the water. For purposes of illustration the suction pipe may be considered 
as one leg of a U tube, the other leg being the body of water in which the suction is sub— 
merged. If the U tube is set upright with its open ends upward and water poured in one side, 
the water will come to rest at the same height in both legs irrespective of their length, 
inclination, or relative diameter. Similarly, while the pump is idle and the suction pipe 
submerged, the water inside is at the same elevation as that outside the pipe. 


TABLE 33.- Capacity of pipe in cubic feet per minute at various velocitie 


Velocity, | 
feet per | Pipe diameter, inches 
second_|_4|_5_|_6_|_8_|_10|_12|_14 |_16 |_18 |_ 20. 
eee |26| 41| 59|104|164|236| 321] 418| 530| 655 
BS asecctuten |31| 49| 71|125|196|283| 385| 502| 636| 7286 
Ue Mea titaate \37| 57| 83|146|229/330| 449| 586| 743| 918 
So tnite: |42| 66| 94|167|262|377| 513| 670| 849|1,049 
Orit: |47| 74|106|188|295|423| 577| 754] $55|1,180 
DO iseetanese {52| 82|118|209|327|471| 642| 838|1,061]1,311 
DA teatcatat |[58| 90|130|230|360|518| 706] 922|1,167|1,443 
DD tvaticuas |63| 98/141 |251 |392 |565 | 
VO sfactsitstns |68 [106 |153|272|425|612| 834|1,090/1,379/1,705 
U4 ces: |73 |115|165|292|458|659| 898|1,173|1,486|1,836 
toe ied: |'79 |123|177|313|491|706| 962|1,256|1,592 {1,967 
16 ices |84 ]131 [189 |334 |523 
1 Aree |89 |139 |200 |355 |556 |801 |1,090|1,424|1,804|2,229 
i: eee |94|147 |212 |376 |589 |848|1,154|1,508/1,910 |2,360 


Now, if an impervious but frictionless partition is placed in the U tube at the center 
of the bend and water is placed in one leg to a height of 34 feet and mercury in the other 
to a height of 30 inches the two columns will retain these same heights even though the 
separating partition is free to move without friction. Mercury is 15.6 times as heavy as an 
equal volume of water or has a specific gravity of 13.6. It will be noted that the height 
of the water column (34 feet) is 13.6 times the height of the mercury column (30 inches). 
Therefore, when water is placed in one leg of the U tube, an equal weight of a liquid of 
different specific gravity in the other, and some means introduced to prevent their inter— 
mixing, the heights of the columns will vary inversely as their specific gravities. 

Assuming the partition between the water and mercury has no weight and offers no fric— 
tional resistance to movement but still prevents either water or mercury to pass, then pres— 
sure may be applied to the water leg or pressure removed at the mercury leg and the two col~ 
umns brought to the same level in each tube. The application of vacuum to the mercury tube 

‘illustrates the function of the pump in bringing sand and gravel to the surface of the water. 
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if instead of mercury one leg of the tube is filled with mixtures of sand, gravel, and 
water in which the quantity of sand and gravel ranges from 5 to 15 percent as ordinarily 
found in practice, one can calculate the feet of head required to bring the two columns to 
the same height. It is assumed of course that the sand and gravel remain dispersed and sus- 
pended in the water to form a homogeneous liquid. 

Water weighs 62.5 pounds per cubic foot. Sand and gravel varies in weight but may be 
assumed to average 110 pounds per cubic foot. A cubic foot of sand and gravel, however, 
contains a certain amount of voids between the particles. An average void content may be 
assumed to be 40 percent. Five cubio feet of dry sand contains 40 percent voids or 2 cubic 
feet of air space. If this is aixed with 97 cubic feet of water the resulting volume will 
be 100 cubic feet, of which 5 cubic feet or 5 percent will be solids. Fifteen cubic feet of 
dry sand contains 4C peroent or 6 oubio fest of voids. If this is mixed with 91 cubic feet 
of water the resulting volume will again be 100 cubic feet, of which 15 cubic feet or 15 
Ferscent will be solids. The weights of these two mixtures will be as follows: 


Weight of mixtures 


ee 
| Pounds. | Cu, ft.| Pounds |cu. ft. 


Water... .| 8,937.5, 95 | 5,312.5] 85 

Water in voids..| 125 | 2! 375 | 6 

Sand and gravel|__§50__| 5 |_1.650__ 15 
| 6,612.5| | “oe 


The weight of the mixture will range from 66 to 73 pounds per cubic foot or will have a 
specific gravity of 1.06 to 1.17. If equal weights of the mixture are placed in one leg of 
tne U tube and clear water is placed in the other, the clear water column will be 1.06 to 
1.17 times the height of the mixture column. This means that the water in the pond or lake 
will maintain a column of mixture of sand, gravel, and water in the suction pipe ranging from 
94 to 35 percent of the vertical depth of submergence of the suction pipe. The head required 
to bring the mixture to the same level as the outside water is then 6 to 15 percent of the 
submergence, measured vertically, multiplied by the specific gravity of the mixture. Com— 
pleting the multiplication, the head necessary to pring the mixture to the surface of the 
water will range from 6.4 percent of the vertical submergence for 5=percent solids to 17.5 
percent for a 15=percent mixture. 

Table 34 presents the head in feet required to bring the mixture to the surface for 
different percentages of solids and different vertical depths of submergence. 

The pu@p, having raised the mixture of sand, gravel, and water to the surface of the 
pond, must continue and raise it to the center line of the pump. The distance from the 
center line of the pump to the water surface is the suction lift. As kas been shown a per— 
fect vacuum will raise clear water against a 54~foot suction head if friction is omitted from 
the calculation. The material handled by the pump, however, is not clear water but is hea— 
vier. As seen in table 34, the specific gravity will range from 1.01 for a mixture contain- 
ing 1 percent to 1.46 for a mixture containing 40 percent solids. The head required to raise 
this mixture from the water surface is the suction lift in feet multiplied by the specific 
gravity of the mixture. 
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TABLE 34.— Feet of head reauired to bring sand. gravel. and water to the water surface 


‘Solids, [Specific |__ Vertical aCmECr ET feet 


parcene larseitz [C2 [ca 28 | | da [ta te de 20 |g ea 6 oe 
een | 1.02 [0.02|0.04\0.06|0.08|0.10|0.12|06.14]0. .16|0: 18\0.20| 0.22| 0.24| 0.26| : = 
Qe uf 2-02 | .04| .o8] .12| .16] .20] .24} .29| .33| .37|-.41| .45| 149] 53] «57 
Bu. | - 1,04 | .08|-.17] .25] .33] .42| --50| .5a} .67| .75| .83| .92|1.00| 1.08] 1.17 
4.0.....; 1.05 { .10] .20] .30] .40] .50| .60] .70] .80} .90|1.01] 2.12] 12.21] 1.31]. 1.41 
Bice auaies | 1.06 | .12| .24| .36| .48] .60| .72| .84| --96]1.08|1.20| 1.32| 1.44] 1.56| 1.68 
6.......,° 1.07 | .14| .28| .42| .56| .70} .83| .97]2.-11|1.25|1.39| 1.53] 1.67|.1.81| 1.95 
Toc | 1.08 | .16| .32| .48| .64| .80| .96]1.12|1.28|1.44|1.60| 1.76| 1.92| 2.08| 2.24 
8...) 1.09 |-.18] .36| .54] .72| .90/1.09|1.27|1.45]1.63|1.81| 1.99] 2.17| 2.351 2.53 
9....../ 1.10 | .20| .40| .59] .79| .99|2.19|1.39(1:58|1.78|1.98| 2.18] 2.38| 2.57| 2.77 
10........., 1.12 | .24| -.48| .72| .96|1.20|1.44/1.68)1.92|2.16/2.40| 2.64] 2.88| 3.12| 3.36 
DT cs pe | 1.13 | .26| .52| .78/1.04|1.30|1.56|1.82|2.08|2.34|2.60| 2.86| 3.12] 3.38] 3.64 
1Z....[ 1.14 | .28] .56| .84[1.12|1.40-11.68{1.96|2.24|2.53(2.80| 3.09] 3.37| 3.65| 3.93 
Siete | 1.15 | .30}...60|-..90|1.20|1.50 1.80 [2.09|2.39|2.69|2.99| 3.29| 3.59| 3.89| 4.19 
14........[ 1.16 | .32] .64]...96|1.28/1.60|1.92/2.24/2.56 |2.88|3.20| 3.52| 3.84| 4.16| 4.48 
1S etic | 1.17 | .34] .68[1.02|1.36|1.70 |2.04|2.38 |2-72 |3.05|3.40| 3.73| 4.07| 4.41| 4.75 
DO nae tne: | 1.23 | .46| .92]1.38|1.84/2.3012.76/3.22|3.68|4.14|4.60| 5.06| 5.52| 5.98] 6.44 
1 | 1.29 | .58|1.16|1.74|2.32!2.90|3.48|4.06|4.64|5.22|5.80| 6.38| 6.96] 7.54| 8.12 
SO estou | 1.32 | .64}1.28|1.92|2.56|3.20/3.84|4.48|5.12|5.76|6.40| 7.04| 7.68| 8.32] 8.86 
0 siccectdas | 1.46 | .93|1.86/2.79|3.72|4.65|5.58|6.50|7.44|8.37|9.30|10.20|11.20|12.10|13.00 
“Solids; |Specific |__ Vertical submergence, feet 

percent _|_gravity |_30_|_32_ ae? 34_ |—38_[_38_|_. 40. |_. 50_|__60_|__70_|__80_| 90 {100 
Delco | 1.02 | cae 0.32| 0.34; 0.36| 0.38| 0.40] 0.50] 0.60| 0.70| : so| 0.90| 4.01 
2 esac | 1.02 | .61| .65| .69] .73| .77| .82| 1.02].1.22] 1.43| 1.63] 1.84] 2.04 
ee | 1.04 | 1.25] 1.33| 1.42| 1.50| 1.58| 1.62] 2.08| 2.60] 2.91] 3.33| 3.75| 4.16 
ree nee | 1.05 | 1,51| 1.61] 1.71| 1.81| 1.91] 2.02| 2.52| 3.02| 3.53] 4.04] 4.54| 5.04 
Onset: | 1.06 | 1.80| 1.92| 2.04] 2.16| 2.28| 2.40] 3.00] 3.60| 4.20| 4.80| 5.40| 6.00 
Sito | 1.07 | 2.09| 2.23] 2.37] 2.50| 2.64| 2.78] 3.48| 4.17| 4.87| 5.56| 6.26] 6.96 
(ee | 1.08 | 2.40| 2.56| 2.72] 2.88] 3.07| 3.20| 4.00| 4.80| 5.60| 6.40| 7.20| 8.00 
ee | 1.09 | 2.72] 2.90| 3.08] 3.26] 3.44|°3.62| 4.52] 5.43| 6.34] 7.24| 8.14| 9.05 
Dade | 1.10 | 2.97] 3.17] 3.37] 3.56| 3.76| 3.96] 4.95] 5.94] 6.93] 7.92| 8.91| 9.90 
TO rc tacsceniens | 21.12 | 3.60] 3.84| 4.08| 4.32| 4.56] 4.80| 6.00| 7.20] 8.40| 9.60|10.80|12.00 
1 eee: | 1.13 | 3.90] 4.16] 4.42] 4.68| 4.94] 5:20| 6.50|°7.80| 9.10]10.40|11.70}13.00 
ip seet | 1.14 | 4.20] 4.49] 4.77| 5.05| 5.33| 5.61| 7.02| 8.42] 9.82|11.20|12.60|14.00 
i ee | 1.15 | 4.49| 4.79] 5.08] 5.38] 5.68| 5.98] 7.48] 8.97/10.50|12.00|13.50|15.00 
VA sissies | 1.16 | 4.80| 5.12] 5.44] 5.60] 6.08| 6.40] 8.00] 9.60|11.20|12.80|14.40|16.00 
TS zacnaers | 1.17 | 5.09] 5.43] 5.77| 6.11] 6.45| 6.79|.8,50|10.20{11.90|13.60/15.30|17.00 
20 veaititinsss | 1.23 | 6.90| 7.36| 7.82] 8.28| 8.74| 9. 2011.50 |13.80 |16.10)18.40|20.70|23. 00 
25 | | 1.29 | 8.70| 9.28] 9.86/10.40 [11.00 |11.60|14.50|17. 40 |20.60|23.20|26.20|29.00 
30. | 1.32 | 9.60)10.20}10.90|11.50|12.20|12.80|16.00119.20 22. 40 |25.60|28.80|32.00 
AO: soiasahatie, | 1.46 |14,00/14.90|15.80|16.70}17.70|18.60 |23.20 |27.80 |32.50|37.20|41.80|46.50 


Table 35 presents the head required to raise mixtures of different percentages of solids 
through different distances of suction lift. 
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The head required to dislodge the sand and gravel from place and start it moving through 
the suction pipe is an indefinite quantity varying from moment to moment depending upon the 
size and shape of the particles and their degree of cementation in the deposit. The head 
available for this purpose is found by difference after subtracting the sum of all other re- 
quirements from the head available at the pump due to the vacuum produced. 

To illustrate the use of the tables and the effect of varying conditions at a single 
installation, assume that an 8—inch rump is producing 25 inches of vacuum and is pumping a 
mixture of 10 percent solids at a velocity of 10 feet per second and discharging free into 
the air at the pump. Examples cited will use variations in suction head of 2 and 5 feet, of 
lengths of suction pipe of 50 and 100 feet, of diameter of suction of 8 and 10 inches, and 
of submergence of tne gravel below the water surface of 15 and 40 feet. Only 8 combinations 
of these 4 variables are shown. It must be borne in mind also that the four conditions as-— 
sumed in this example are also variable. Hence only a few of the possible corbinations are 
worked cut mathematically in table 36. 


- TABLE 35.— Feet of head required to raise sand, gravel, and. 
water mixtures against suction Iift 


Solids, |Specific} Suction lift, feet 


percent | gravity |_1|_2 ie 4 | 5 | 6 a 8 | 9 |_10_| 12 | 


pe ei 


Me san, ate .{ 2.01 /!1,02]2. eae 03/4.0415.05|/6.c6) 7.67] 8.Cc8| 9.09}10.10,12.12'14.14/16.16 
2. . | 1.02 11,02|2.04!3.c6!4.08!5.10|6.12| 7.14) 6.26] 9.18110.20)12.24|14.28] 16.32 
S. ..| 1,04 |1.04|2.08|3.12|4.1615.20|/6.24| 7.28| 8.32| 9.36|10.40/12.48)14.56/16.64 
4 | 1.05 [1.05]2.1013.1514.20|5.25/6.30| 7.35) 8.40] 9.45,10.50|12.60114.70/16.80 
5 . | 1.06 |1.06/2.12/3.18]4.24|/5.30/6.36| 7.42! 8.48] 9.54/10.60|12.72|14.84!16.¢c6 
5... ..{ 1.07 [1.07|2.14|3.2114.28|5.35!6.42! 7.49! 8.56] 9.63/10.70|12.84|14.98|17.12 
7 / 2.08 ,1.08/2.16|3.2414.32|5.40|6.48| 7.56! 8.64! 9.72/10.80|12.96/15.12|17.28 
8 | 1,09 |1.09/2.18|2.27|4.36|5.451/6.54| 7.63] 8.72| 9.81/10.90]13.08/15.26117.44 
9° | 1.10 {1.1012.20)3.30|4.40|5.50)6.60! 7.70| 8.80] 9.90!11.00|13.20!15.40|17.60 
10. | 1.12 )1.12'2.2413.36|4. a) 60|6.72| 7.84, 8.96/10.08]11.20|13.44115.68)17.92 
Liss | 1.13 fi.azie. 263. sl §215.65(6.78! 7.91! 9.04/10.17111.30113.56!/15.82/18.¢8 
Yr « | 1.14 |1.14|2.2813.42!4. 56|5. 70|6.84; 7.981 9.22)10.26(11.40|23.628115.96!18.24 
VS. T 1.18 11,15!2.30|3. 45| 4. 60/5. 7516.99| 8.05! 9.20/10.35/11.50'13.80126.10[18.40 
1A, Sintec! | 2.16 Ih. 162. 32!2,4814.64;5.8c/6.S6| 8.12] 9.2e/10.44111.60!13.92/16.24/18.56 
15. ee 11.17|2.34|3.51/4.68/5. 85'7.02| 8.19] 9.26110.53|11.70!14.04!16.38!18.72 
1 ee | 1.23 |1.23|2.46|3.6914.92/6 .15|7. 38| 8.61| 9.84/11.07|12.30!14.76/17.22|19.18 
2S on nace | 1.29 |1.29|2.58|3.87|5.16/6.45/7.74| 9.03|10.32|11.61/12.90|15.48|18.06|20.64 
30... | 1.32 |1.32|2.64[3.96/5.28/6.60(7.92| 9.24/10.56|11.88!13.20/15.84)18.48/21.12 
BO sal Beat | 1.46 11,4612.92|4.38]5.84|7.30|8.76|10.22|11.68|13.14/14.60!17.52|20.44/ 23.36 
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TABLE 36.~ Head required by various combinations of conditions 


; ae tae a eee ae, 
Suction lift............. ied etiat aete ee: ..feet| . 2 | : | 2 | 2 
Suction length... eee do. | 50 | 50 | 50 | 100 
Suction didmetericosdcieGaaniowe inches | i: | 8 | 10 | 10 
Vertical submergence.................. eee feet | |. 40. | 4 |____ 40 
Static head required for velocity (10 ft. |_Min. Min. — ax. |_M in. | Max. | _Min. | Max. | Min | Max. 
per sec. in 8 in. pipe equivalent volume | |. | | | | Hose et 

in 10 in.) (tables 31-33)... | 1.55| 1.55] 1.55] 1.55| 0.64| 0.64| 0.64| 0.64 
Friction (tables 32-33) 00. | 3.75| 5.10] 3.75| 5.10] 1.25| 1.75| 2.26| 3.46 
Raising material to surface (table 34).......... | 1.80] 1.80| 4.80| 4.80| 4.80] 4.80| .4.80| 4.80 
Raising material to the pump (table 35)........ |_2.24|_2.24|_2.24|_2.24|_2.24|_2.24|_2.24|_2.24 
Total head required... eee |_9.34/10.69 |12.34/13.69|_8.93|_9.43|_9.94|11.14 
Since the head available at the pump was | | | | - | | | [A 
28.33 feet (25 inches vacuum), the head | | | | | | | | 
available to move gravel 18.00.0000... ee |18.99|17.64|15.99 |14.64|19.40|18.90 |18.39(17.19 
ALTAR Ee a i en SPER Ee Sees a 
STL Wie: gee eee ere enCEnver ener et feet | 5 | 5 ; | 53 
Suction length................. Eaters neta oes do. | - 60 | 50 50 | 100 
Suction diameter... ee inches | 8 | 8 | : | 5 
Vertical submergence...........ccccceceeree feet | 15 | 49 (eee (eee 
Static head required for velocity (10 ft. |_Min. |_Max. | mike (a. | rae x. |_Min <F" ax, 
per sec. in 8 in. pipe equivalent volume | | | | | | | | 

in 10 in.) (tables 31-33) 0.2. | 1.55| 1.55| 1.55| 1.55] 0.64| 0.64] 0.64| 0.64 
Friction (tables 32-33) 20.000 oe | 3.75| 5.10] 3.75| 5.10| 1.25| 1.75| 2.26| 3.46 
Raising material to surface (table 34).......... | 1.80| 1.80| 4.80| 4.80] 4.80| 4.80| 4.80| 4.80 
Raising material to the pump (table 35)........ |5.60|_5.60|_5.60|_5.60|_5.60|_5.60|_5.60|_5.60 
Total head required... ee |12.79 |14.05 [15.70 |17.05 [12.29 |12.79 |13.30|14.50 
Since the head available at the pump was | | | | | | {| | 
28.33 feet (25 inches vacuum), the head | | ho hee. ed | 


available to move gravel 18.0... ee. [15.63 [14.28 [12.63 |11.28|16.04]15.54/15.03 13.83 


By following the examples cited and substituting values for any local combination of 
conditions, the reader will be able to ascertain the range of possibilities for his particu— 
lar installation. 


THE_PUMP_ PRANSPORTING_ AGENT 


In the previous discussion the function of the pump has been to excavate gravel and 
sand and bring them to the pump itself. Sand and gravel pumps as usually installed must do 
tore than this. They must transport the mixture of sand, gravel, and water beyond the pump 
through a discharge pipe to the barge or treatment plant. This involves calculation of the 
friction set up within the discharge pipe and the elevation of the point of discharge above 
the pump. 

The friction in the discharge pipe is calculated in the same way as in the suction pipe, 
hence table 32 may be used to ascertain the total friction head necessary for any length of 
discharge pipe for minimum and maximum conditions at different velocities of flow. 
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When a pump discharges through an elevated disoharge pipe, it must lift the material 
pugped through a vertical distance equal to the difference in elevaticn of the center of the 


pump and the end of the discharge. The head required to do this is equal to the vertical 
distance in feet. 


POWER, RECUIREMENTS 
The power required to operate a gand and gravel pump may be computed from the formula 


P = CWH/33,000 


in which P equals the theoretical horsepower, C tne quantity of material handled in cubic 
feet per minute, W the weight of a cubic foot of the material handled, and H the total head 
against which the pump is working, and 35,000 the foot-—pounds per minute corresponding to l 
hp. | | 

The quantity of material handled in cubic feet per minute depends upon the diameter of 
the Cischarge pipe and the velocity of flow. This may be read directly from table 33. 

The weight of a cubic foot of the material handled is the product of the weight of a 
cubic foot of water and the specific gravity of the material handled. Specific gravities of 
mixtures with varying percentages of solids are meres in table 35, and a cubic foot of water 
weighs 62.5 pounds. 

The total head against which the pump must spenate is the sum of the suction head, the 
static head, and the friction head. 

The suction head is obtained by reading the vacuum gage on the suction pipe close to the 
pump and converting this into feet by reference to table 50. 

The static head with the usual arrangement of discharge pipe is the vertical height of 
the end of the discharge pipe above the center of the pump. 

The friction head may be caloulated from table 32 for various lengths of Bite: 

As an example, assume the same 8-inch pump producing 25 inches of vacuum is. pumping 10 
percent solids at 12 feet per second through an S—inch discharge pipe 200 feet long, the end 
of which is 20 feet above the pump. 

Tatle 33 shows that the quantity of material delivered from an 8inch pipe at a velocity 
of 12 feet per second is 251 cubic feet per minute, or Q in the formula. 

From table 35 the specific gravity of a mixture containing 10 percent solids is 1.12 
and the weight W of a cubic foot will be 62.5 times 1.12 or 70 pounds. 


| Feet 
Suction head (from table 30). oo... 28.33 
Static head............ oi lic cala oti cdunucecaadua aun naansne waeues 20.00 
Friction head (from table 32 it will range 
from 10.5 to 14.2 feet per -100 feet of 
discharge pipe. Assume an averaze of 
Ee OO LOO © ) cass spsocn teenie ots tances endian 24.79 
Total head............... Lp ate ceareie aoeenetaeees 73.03 


Solving in the equation then 


P = 251 x 70 x 73.03/33,000 = 39 kp. 
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. Sand and. gravel pumps by actual test have shown efficiencies as high as 78 percent. 
Experience, however,-shows that when computing the rating of the necessary motive power to 
apply to a given set up, it is best to assume 50 percent efficiency and select the drive ac-— 
cordingly. Therefore, the theoretical or water horsepower in this case would be 39, and the 
brake horsepower or motor rating would be 78 or 80. 


Operatin imi ions 


For the same reasons that it is impossible to tabulate pump capacities a is also im-— 
possible to tabulate operating limitations. — ° 

As has been shown in the discussion of the characteristics of dredging pumps the depth 
from which gravel may be pumped depends largely upon the friction in the suction pipe. This 
involves computation based principally on the nenetn and diameter of the eeveon pipe, either 

of which may be altered at will. 

The ability of a pump to overcome suction head is directly proportional to the amount 
of vacuum of which it is capable, and this in turn depends upon the amount of clearance be— 
tween the impeller vanes and the pump casing, which is a matter of individual pump design. 
The only positive statement regarding all pumps that cdn bé made in this connection is as 
follows: In order to pump gravel the vacuum produced by 4 pump must be sufficient to over-— 
come the total suction head and is limited to the portion of the natural head produced by 
atmospheric pressure that the pump is eapenee of utilizing, that is, the vacuum it is ‘able 
to develop. : ; 

The space between impellers and casing is designed for each particular pump size and may 
vary with the design of various manufacturers. Except within a very small range it is not 
subject to change by increasing impeller diameter in any individual pump. The clearance will 
generally permit the passage of material ranging in diameter from 60 to 75 percent of the 
diameter of the pump intake. By this is meant the suction opening of the pump itself and 
not the suction pipe. The approximate maximum limits of material permissible for various 
sizes of pumps follow: 7 | ' | — 
Size of pump, Maximum size of 

inches particle, inches 


4 2.575 

6 4.125 

8 5.875 ~—— | oT 
10 7.500 
12 9.25 
15 11.00 


20 14.00 


It is obvious that the size of the average particle or the size of the maximum particles 
in a deposit will affect the size of the pump to be used. For instance, a deposit containing 
an appreciable percentage of boulders averaging 6 inches in diameter would not warrant the 
installation of a pump with less than a 10-inch suction opening and might even require a 
12-inch opening. Any deposit containing boulders averaging 6 inches in diameter will have a 
considerable quantity of larger size, hence a 10-inch pump with 7.5—inch clearance would 
suffer from frequent blocking in the suction line. This might occur even in a 12-inch pump. 
If boulders of this size form an important portion of the deposit it would be preferable to 
increase the pump size to 20 inches. The reason for this is that the diameter of the suction 
opening to minimize stoppage should be at least three times the diameter of the average large 
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particles. If the ratio of boulders to fine particles is too great some other type of dredge 
is preferable. It is difficult to set an artitrary limit on this ratio, but ordinarily a 
pump would be entirely unsuitable for excavating a deposit in which 10 percent of the gravel 
is iarger than the clearance limit of the pump. This rule applies even though the dredge is 
ecuipped with a traveling or rotary screen. Without such auxiliary equipment the clearance 
limit of the purp should exceed the diameter of the largest particles, except of course that 
of the occasional large boulders common to most deposits. 

Hydraulic pumps without supplementary ectipment such as traveling or rotary soreens 
cannot be used to excavate cemented gravel. As shown in the previous discussion of pump 
functions the force wrich moves the sand and gravel into the pump suction is the static head 
available after friction and other suction losses have been provided for. Even at a maximum 
this is incapable of destroying the bond between particles of cemented material or even con—- 
solidated hardpan. By the use of traveling or rotary screens hardpan or cemented gravel of 
considerable firmness can be broken up by ti.e moving blades of the screen, and when so dis- 
integrated the pump can excavate it. The degree of comentation or consolidation which can be 
broken up with such auxiliary equipment depencs upon the mechanical construction and strength 
of the screens, a discussion of which is not within the scope of this paper. 

A dredge pump should at all times be placed <3 near the surface of the water as possible. 
Tais reduces the suction lift required to bring the material from the water surface to the 
pump. As is shewn by the examples cited, this item is an important one and may even exceed 
the effect of friction in the suction pipe in tke consumption of available vacuum. No ar- 
bitrary limit other than that due to atmospleric pressure can be placed on the elevation of. 
the pump above water-level because of the relative effect of other factors. However, dredge 
pumps as a rule do not operate effectually if placed more than 6 feet above the surface of 
the water. 

The depth from which a dredge pump can excavate gravel is mereuea by a dunher of vari- 
able factors. The sead required to overcome friction in the suction pipe varies directly 
with the length of tie pipe, tre velocity of flow in the pipe, and the percentage of solids 
in the mixture nandied. It varies inversely witi. the diameter of the suction pipe. The head 
required to bring the mixture to the surface of the water varies directly with the percentage 
of solids in the mixture or its specific gravity. 

Since each of these factors influences ti.e dredging depth, table S7 has — compiled 
to illustrate their effect in limiting dredging depth. Combination of conditions are given 
from A to K in the table. In all combinaticns, iowever, it is assumed that the pump is cap-— 
able of producing 25 inches of vacuum or 2&.35 feet of suction head. It is also assumed that 
at least 10 feet of head will be required to move the material from the deposit into the end 
of the suction pipe. This is probably a ratier conservative allowance, and more would be 
necessary for coarse or compacted material. In each exauple it is therefore assumed that 
there are £6.55 -10 = 18.55 feet of head available at the pump to overcome friction in the 
suction pipe, to bring the mixture to the surface of tho water, and to impart velocity to 
tre material nandled. Head for suction lift is eliminated by assuming that the center line 
cf the pump is level with the surface of the water. It is further assumed that a minimum 
velocity of 5 feet per second is necessary to move sand and that the maximum velocity per- 
mitted for gravel is 15 feet per second. | 

In studying this table, it must be borne in mind that the computations are theoretical, 
that no ead is computed for suction lift, and that the length of the suction pipe is roughly 
taken as 1 1/4 times tho vertical submergence. The vertical submergence shown in .each ex- 
ample is a maxinun. 
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| eet 
Assumed vacuum at pump, 25 inches............. i cee oie 28.55 
Assumed minimum entrance head required at end of suction 10.00 
Head available for velocity, friction, and submergence... 18.35 
Combina-|Diameter|Diameter| Per- | Velocity |Velocity| |= | |. |Total | |Capacity, 
tion and| -of | of | cent | of | of  |Submer-|Suction| head |Sur-| cubic | 
feet of | pump, |suction,| of |discharge, |suction,|gence, |length,| re- |[plus| yards _ 
head | inches | inches |solids| feet per |feet per| feet | feet |quired|head| per 
|__..: | |_-second__|_second_| i |__| ___hour 
ener | 8_| g_|__15_|_ nee nee alee (ern es (ee | | a 104 
| | | | | '3.5 | *5.6 | %8.94| 18.03|0.30| | , 
== | =e | =saaaaee | | = |smssesae | sss | = = | osmcees = | seecesmescraess 
Be ee g_|__12 | VO | 1025) 60 | 75 | |__ 56 
| | | | 12.24| %8.42| °7.05| 17.71|0.62, 
Ch ae: he 8 | g | _5 | 5 200. |_250 | | mee 
| | | | 40.39] 712.00] °5.00| 17.39|0.94] sc. . 
Dicken 3 g_| 1 oe 15_|___6.63|__80__|_100__| | |_104_ 
Se ee © go A | | | 40.69 713.60] %3.00| 17.29|1.04| | 
seanennel amnevel eamaneed eae Gammmentel Waamepetieermed wveand aeannlmatmanneaet 
eee | 8_| ae eae ae 10_|____6.63|_100___|_125 | | vrs 565 
Wee Senecio | | 10.69| °14.00| %3.36| 18.05|0.28| . » 
=SSSS ff SS [ease [=== | ======s=== |======= == |=s===== | =a=aa= === |= 
eee eee 16_| 16_|__15_ | 192 | DS | 50 | 65 -.. | |___ 419 
| | | | | 13.5 | 78.5 | %6.3 | 18.30/0.03| | 
Guanes | 16_| 1_|__12 | 10_|__10 _|__80___|_100__| | |_-225 
rh gk SF | | 42.24] 711.2 | 34.2 | 17.64\0.69| 
Aco 16_| 1¢_|___ 5 | 5 |___5 -_|-250_ _|_315___| |____ |__46 
oo ee ae {| | | ..70.39] 715.00] *2.84| 18.23/0.10, 
s SR er EoeRSe BY, 202 | na. 12 0 i ee CO =o =| = Re |___225_- 
ea: | ae 7 | | 0.92] 723-3 | °3,84| 18.06|0.27];  - c- 
: en | 6_ | 6_|__12 |. 10 |__10 50 65 | (i515 
Se, att | | | | fe,24| 27.02, 88.45] a7.71Jo.62| 
Kecitete . g_| B_|__12 | lo_|__5.67|__95___|_120 | (ee lS 
| | | | | 1o.si| 713.3 | 33.96] 17.77|0.56|..° 
iTable 31 | cette we 
"Table 34 
‘Table 32 : 
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Consicered purely as a transporting agent the pump is limited only by the speed permis-= 
sible in its mechanical construction end the strength of materials of which it and the dis— 
charge line are composed. Increased demands for delivery head are met by increasing the speed 
of revolution and the diameter of the impeller. Cbviously these could be increased to such 
a point that the pressure produced would be more than the construction of the pump would 
withstand. Centrifugal pumps handling water only may be built for very high pressures, but 
for such purposes they are usually constructed in stages. That is, two or more pumps or 
stages are constructed on one drive shaft and within the same casing so that the discharge 
from the first pump or stage becomes the intake for the next. Single-stace water pumps have 
been built for heads as high as 400 feet, but these are exceptional. Dredge pumps are seldom 
built for more than a single stage. Instead booster pumps are added in the discharge line 
because of simplified construction, reduced pressure on the line, and reduction of internal 
wear coincident with reduced pressure wi.en handling mixtures of sand and gravel in the water. 
The construction of modern dredging pumps provides for a range Of operating speeds consistent 
with the safety factor of the strength of material used and the cost of construction. Im. 
pellers can be varied in a particular pump as much as 15 percent of their diameter, Obvious=— 
ly a pump of small impeller diameter could be operated at a higher speed and would entail 
less construction cost than one of large diameter with its more massive rotating parts. 
Moreover, an increase in speed for any particular pump can be obtained by increasing the 
drive ratio or changing motors. Increasing the available head by increasing impeller diam— 
eter, on the other hand, involves replacing one pump with another. For example, a pump 
having a 24-inch impeller and operating at 550 r.p.m. will produce a total head of 61.75 
feet. (See table 38.) To increase the head to 100 feet an increase to 700 r.p.m. would 
be necessary and is within mechanical bounds. To retain the same number of revolutions per 
ninute but obtain the inoreased head would require an increase in impeller diameter to 3l 
inches. This also is within economical mechanical construction but would necessitate a new 
pump and increase the headroom required. 

On the other hand, if 200 feet of head were necessary the speed of the 24-inch impeller 
would have to be increased to 1,000 r.p.m., which might be more expensive tian changing to a 
new pump having a 36-inch impeller and operating at a little more than 650 r.p.m. 

Any increase, within operating limits; of the head against which a pump must operate 
results in a loss of volume pumped or capacity unless the pump speed is increased. The effi- 
ciency of the pump is thereby lowered. By increasing the speed to retain the same capacity 
against the higher head more power will a required, but the original efficiency may be re— 
tained. és 

On the other hand, a decrease in the head against which a pump operates results in an 
increased volume pumped but does not necessarily inorease efficiency, because more power is 
required to move the greater quantity of material pumped. 

These apparently antagonistic phenomena are due to the structural characteristics of 
centrifugal pumps. As previously mentioned the centrifugal pump imparts velocity to the 
waterial pumped by revolving the impellor blades within the pump casing. The impeller does 
not fit the inside of the casing in a tight joint as in plunger pumps. - Consecuently there 
is a constant slippage around the impellers through the clearance between them and the 
casing. Therefore as the delivery head increases, the tack pressure or pressure against 
which the pump must operate increases. As this pressure increases the slippage within the 
pump increases, hence the loss in volume pumped. If the delivery pressure of a plunger—type 
pump is increased by closing a valve in the discharge line the pressure will build up to such 
a point as to exceed the bursting strength of pump or pipe line. On the other hand, if the 
discharge head on a centrifugal pump is increased by closing a similar valve the pressure 
will increase to such a point as to cause the slippage around the impellers to equal the 
volume pumped, ani the pump merely rotates the water within its casing. 
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In a reduction of discharge head, as, for instance, a break in the pipe line, the re- 
duction in pressure reduces the slippage between impeller and casing and thereby increases 
the volume pumped. This increase in volume demands greater power, and there is therefore a _ 
tendency to overload the driving engine which must be guarded against by proper proceonrne 
devices. 

It is obvious that the performance of an individual dredge pump is influenced and 1imit- 
ed by its internal clearance, in other words, by the design of the individual unit. Since 
this is a matter of the ideas and convictions of the designing engineers of various manu- 
facturers, it is not discussed in this paper. 
| There are certain general exceptions however which may be noted. For example, a  ecent 
inovation is a dredge pump designed to be lowered beneath the water surface with the suction 
pipe. The effect is to reduce the vacuum necessary to (1) overcome frictional resistance in 
‘the suction pipe, (2) bring the mixture of water and gravel to the water surface, and (3) 
overcome suction lift. 
| There is therefore a greater portion of the vacuum available to bring material from the 
deposit to the suction pipe. The head due to submergence also acts to bring material to the 
suction pipe with this type of pump. The frictional resistance and other factors released 
from the influence of the pump vacuum are not eliminated, however, but they aaa 
to the discharge or transporting function of the pump. | 

Another application of the centrifugal pump for dredging operations employs the pump to 
pump water only, at high pressure through a conical nozzle. This nozzle is placed within and 
-near.the lower end of the suction pipe. As this high-pressure water is released and rushes 
_. up the suction pipe, it creates a@ vacuum permitting static pressure to force gravel | into. the 
end of the suction. It also acts as a conveyor to carry the gravel up the suction pipe to 
the .discharge. In principle this type of dredge is a water ejector on a large scale, or, 
in other words, another type of submerged pump. A detailed description is contained in 
Bureau of Mines Information Circular 6580, Methods and Costs of Mining and Preparing Sand 
and Gravel at the Plant of the Ward Sand and Gravel Company, Oxford, Mich. ) 


- AUXILIARY EQUIPMENT a ee =< 


-Except in the few instances of self-contained lake= and ocean-going vessels, hydraulic 
dredges. are not self-propelled. Ordinarily dredges operating in rivers, lakes, or along 
ocean shores must be moved from one digging location to another by towboats or tugs. This 
is frequently necessary in artificial ponds which have become enlarged by Jong-continued 
excavation. 

Wherever the distance from ‘ae tae Sorat to sient is short the dredge pump is called 
upon to transport as well as dig gravel. As this distance increases auxiliary pumps may. be 
installed in the discharge line. When this is done care is necessary to see that the intake 
of.the booster pump is under some slight pressure from the discharge of the digger. At 
times, more. than one booster has been employed, but ordinarily this increases the cost of 
power beyond economic limits. In other words, it is usually cheaper to pump short distances, 
but. for long hauls towboats and barges or cars and locomotives are more economical. 

Any type of transportation unit may be employed to serve a hydraulic dredge. Usually, 
however, pump dredges deliver direct to plant through pipe lines or to barges which are 
towed to the plant. Sometimes, however, dredges are used to dig and deliver gravel to a 
designated point in the river from which it may be picked up by an auxiliary dredge, clam- 
shell, dragline, or power scraper. In other instances, the digger delivers to storage on the 
river bank from which other types of equipment carry it to the plant. The transfer from 
dredge discharge to other equipment must provide some means of dewatering except when a 
second dredge is the auxiliary unit. 
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Figure 10,= Pian and elevation of hydraulic dredge with cutter head. 
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Another type of auxiliary equipment employed by the hydraulic dredge is,the traveling 
screen or rotary cutter head placed at the end of the suction pipe. These aids are used to 
break up cemented gravel or hardpan and so disentegrate them that the suction can pick them 
up. In addition to performing this function it also acts as a screen around the end of the 
suction to prevent the entrance of boulders too large for the pipe. 

One type of traveling screen is constructed similar to a double-chain bucket elevator. 
(See fig. 9.) In place of the buckets heavy steel bars are used, spaced so as to permit the 
passage between them of only such material as can be handled by the pump. The screens are 
supported by a boom which also carries the suction pipe. The construction is such that the 
screen travels downward under the suction pipe, around the lower end over large sheaves, and 
back up on the upper side of the boom. In passing around the lower sheave the bars break up 
the gravel so the suction can pick it up. 

Another type consists of a rotary head enveloping the end of the suction pipe and driven 
by a shaft paralleling and attached to the suction pipe. (See fig. 10.) Motive power for 
the cutter is applied from the dredge deck by auxiliary equipment. The blades on this type 
of cutter are helical in shape and are spaced so as to prevent oversize material from reach— 
ing the suction. 

In some instances where the deposit is not densely packed a hydraulic jet is brought 
down with the suction pipe. Water under high pressure is forced through this jet and against 
the deposit. Its purpose is to disintegrate the material. 

Hydraulic jets also are often used to wash down and cave the bank which the dredge suc- 
tion is undermining. Without their use dangerous conditions might arise in which large sec- 
tions caving from the bank might bury the suction line or even cause sufficient surge to 
swamp and sink the dredge. | 

No hydraulic dredge pump can by itself start water or gravel up the empty suction pipe. 
Unlike water, air can be compressed or expanded. Expansion of the air within a confined 
Gylinder by extraction creates a partial vacuum within that cylinder. If one end of that 
Cylinder is open, permitting the entrance of water, which, in turn, is subject to atmospheric 
pressure, water will enter the cylinder to the extent the air is extracted. A plunger pump 
with pistons in close contact with the cylinders can extract air from a suction pipe and 
thereby cause water to flow up the pipe and into the pump. In other words, such a pump can 
prime itself. The dredge pump on the other hand cannot pump air because of the space between 
impeller blades and casing. When a dredge pump is revolved without first being filled with 
water it simply revolves the air within the pump casing. Therefore dredge pumps must have 
some auxiliary means of priming. A centrifugal pump used for pumping water only is usually 
provided with a foot valve at the lower end of the suction pipe. This valve permits water 
to flow into the suction but prevents it from flowing out. A small plunger pump may be con- 
nected so as to pump water into the Casing and suction pipe of the centrifugal pump and fill 
them. When so filled the centrifugal pump is primed and when revolved will pump water. 

Dredge pumps, however, do not have foot valves because of the abrasion to which they 
would be subjected when pumping gravel. The usual procedure in priming a dredge pump is to 
attach an air pump to the pump casing and extract the air from pump and suction pipe. To do 
this a tight valve must be placed in the discharge line of the dredge pump. Then as the air 
is extracted it is replaced by water from the submerged open end cf the suction pipe. As 
soon as the pump casing and suction line are filled with water the dredge pump is started and 
the valve in the discharge line opened. 

All types of centrifugal dredge pumps must kave some sort of priming device, but the 
particular kind may vary for different conditions. 

In addition to the auxiliary equipment mentioned, hydraulic dredges are frequently e- 
quipped with winches, cables, and anchors with which they may be manipulated from side to 
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side or forward or backward to keep the suction in the most advantageous position for dig- 
ging. In some dredges these winches and anchors are displaced by wooden or steel spuds. On 
hydraulic dredges there are usually two spuds used, one on each stern corner of the hull. 

The spuds are heavy piles with pointed lower ends which may be raised or lowered by winch 
and cable. When the hull is brought to the digging position one spud is dropped to the 
bottom and acts as a pivot around which the dredge is rotated while digging. The position 
of the hull may be shifted by using the second spud. The hull is then rotated alternately 
around each spud and thus "walked" to the new position. By alternately raising and lowering 
the two spuds, the dredge can thus be "walked" across the bottom in any direction.. 

Hydraulic dredges may be operated by steam, gasoline, Deisel, or electric power or 
various combinations of these types as prime movers. Steam power requires larger hulls to 
accomodate the engine and boilers but provides flexibility as excess power or speed may be 
applied when needed. Boilers must be fired and steam pressure raised. before the SHenee can 
operate. 

Gasoline or Deisel power plants require less space and therefore smaller hulls. and are 
instantly available for power as soon as put in motion. Variable speed may be applied through 
gear.or other reduction connection between motor and pump. In many localities Deisel Power 
is cheaper than any other, but this depends largely upon local fuel costs. . ; E 

The continuous operation of dredge pumps makes them peculiarly fitted for connection is 
any type of power plant which operates at a uniform rate. This includes either gasoline, 
oil, Deisel, or electric motor. With electric power, variable-speed motors may be direct- 
connected to the pump shaft or.constant-speed motors connected through variable-speed re- 
ducers. Primary electric power may be used on a dredge located in an artificial pond in 
which no extensive. shifting from. place to place is involved. With such primary power the 
power cables are-usually wound on a reel at the stern of the dredge for flexibility. Where 
it is necessary to move the dredge frequently from place to place the primary-power plant may 
be steam.or Deisel, driving.a generator which in turn supplies electric power to the pump 
motor and other auxiliary equipment. Such installations however are not common. Ordinarily 
steam or Deisel power is used direct. 

CAPACITY 

The capacity of dredge pumps, is really the most difficult question of all, and it can— 
not be treated otherwise than through empirical figures and rules. Capacity is, of course, 
a function of the volume of water being pumped and the percentage of solids carried in sus—_ 
pension. Both of these vary continuously, and each depends on a number of factors. The 
percentage of solids carried in suspension. varies with the skill of the operator, .the charac— 
ter of the material, the velocity of flow through the pipe line, and the length and character. 
of. the pipe line. Naturally, a.higher percentage of sand is carried than of gravel, -and 
a higher percentage of material can be carried at high velocity than at low velocity. More— 
over, a higher percentage can be carried of a given material at a given velocity when pumping 
through a short pipe line than when pumping through a long pipe line, especially one having 
long horizontal stretches of pipe in which the material settles to the bottom of the line. 
and plugs up the pipe. A skilled operator will, of course, feed the material uniformly into. 
the suction and will average a higher percentage of material than an unskilled operator. 

The velocity of flaw through the pipe line, on the other hand, will vary with the length 
of the pipe line, the lift, the pump speed, the percentage of solids, and the nature of the 
solids. Given constant speed,. lift, and length of pipe line, the velocity of flow will vary 
with the percentage of material, being higher when carrying a smaller percentage of material, 
and vice versa, and being higher for the same percentage of materials which are less sharp 
and abrasive because of less friction against the sides of the pipe. 
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Under the circumstances, it is impossible to arrive at any exact formula for determining 
the output, which can only be arrived at by setueing each case individually and taking into 
account all the different factors involved. 

As w first step in calculating Capacity the total head of which the pump is capable must 
be known. This will vary as the square of the speed for a given diameter of impeller or as 
the square of the Gaemerer of the impeller for a given speed, and may be roughly expressed 
by the formula 


H = y?/2g, 


where H is the total head developed in feet, VY is the velocity in feet per second, and g is 
acceleration due to gravity or 32.16. 

V in this case is the perspnerel speed of the impeller and may be expressed in feet per 
second as 


R.p.m./60 x 3.1416 D/12, 


where 2D equals the diameter of the impeller in inches. 
Substituting this value al Y in the original formula it becomes 


H = (R.p.m. x 0.262D/482) * 


This formula is theoretically correct, but in practice the actual head obtained will be 
10 to 30 percent higher, depending upon the design of the impeller. A working mean between 
these variations is usually taken at 20 percent, hence the formula becomes 


HB = 1.2 (R.p.m. x 0.262D)/482)?, or 
H = (R.p.m. x D/1680)?. 


Table 28 has been compiled in accordance with this formula to show the head developed 
oy pumps using impellers of varying diameters running at various speeds. 

Thus a 24-inch impeller operating at 500 r.p.m. from table 358 gives a head of 51.0 feet. 

Referring now to the various combinations assumed for the 8-inch pump in table 36, 
assume that it had an impeller 24 inches in- diameter and was operated at a speed of 535 r.p.m. 
From table 38 by interpolation the total head developed by the pump would be 58.52 feet. 
It is trué that to produce vacuum this pump must revolve and that the vacuum produced will 
increase with the speed of the pump up to a certain point. To this extent the speed of the 
pusp determines the vacuum. Dredging pumps must have a certain clearance area between the 
impellers and the pump casing to permit the passage of gravel. This area permits slippage 
of the liquid around the impellers within the pump. Thus, when the pump speed is such as to 
impart the maximum vacuum of which that particular pump is capable any increase in speed does 
not necessarily increase thé vacuum produced. 

In the original example it was assumed that the pump was capable of producing 25 inches 
of vacuum. From table 36 it is apparent that the static head or vacuum available for the 
several combinations ranged from 11.28 to 19.40 feet. These heads are sufficient to bring 
sand to the suction and will be enough for uncemented gravel. Therefore the vacuum assumed 
for the pump is sufficient to bring the saud and gravel to the pump. 

The head available due to the speed and diameter of the impellers, less that required 
to produce vacuum, can then be used for transporting the water, sand, and gravel through the 
discharge pipe. The available head is then 58.52 = 28.355 = 30.19 feet. 
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TABLE 38.- Total head in feet developed by dredge pumps, 


pS SS tS Dame ter OL i er a 
oem | 12 | 19 | 20 | 22 |_24 | 26 |__8 | __30 |__| sa |_ se |__ 4g |_ go 


i ee o.51{ 1.15] 2.42] 2.72| 2.04{ 2.40]. 2.78] 3.19}. 3. 63| _4.10| 4.60| 8.16] 12.75 
125 .veccccseeee | .80| 1.80] 2.22] 2.68] 3.19, 3.76] 4.34] 4.98] 5.67| “6.40| 7.18| ..42.75| 20.00 
iO. cts | 2.15) 2.58|  3.19| 3.86] 4.59| 5.38| 6.25| 7.18] 8.16] 9.20] 10.33| 18.35| 28.70 
De silane, | 1.56] 3.52) 4.33] 5.25| 6.25| - 7.34| 8.53| 9.76] 11.10| 12.50| 14.00| 25.00] 39.10 
200. vrerssseeee | 2.04 4.37] 5.66] 6.86] 8.16] 9.60, 11.10] 12.75| 14.50| 16.40| 18.35| 32.70| 52.00 
205 ie wists | 2.58{ 5.80[ 7.18| 8.70] 10.30| 12.10| 14.10| 16.10| 18.40|. 20.75| 23.20| . 41.25| 64.50 
B50 neusiehes | 3.19| 7.17| 8.85] 10.70] 12.75| 15.00| 17.35| 19.90| 22.65] 25.60| 28.70| .51.00| 79.70 
BTS ia diadind | 3.86] 8.63] 10.70| 12.s7| 15.45| 18.10] 21.00] 24.10| 27.40| 31.00| 34.80| 61.80| 96.50 
B00 sur cisievsis! | 4.53] 10.30] 12.75] 15.45] 18.40| 21.60| 25.00] 28.65| 32.70| 36.80| 41.40| 73.50| 120.00 
cL lol nee | 5.40] 12.10} 15.00] 18.10) 21.60] 25.35| 29.40| 33.70| 38.40] 43.40| 48.75| 86.20 135.00 
B50. oecceneees | 6.25| 14.05] 17.35| 21.00| 25.00 29.35| 34.00| 39.00| 44.50| 50.20] 56.25| 100.00} 156.00 
1 re 7.18] 16.10] 19.90] 24.10] 28.70] 33.70| 39.10| 44.80| 1.00| 57.75| 64.50| 115.00| 180.00 
400... csseessee | 8.17; 18.40| 22.70] 27.50] .32.70| 38.30] 44.50| 51.00] 58.00] 65.60| 73.50| 131.00| 204.00 
APB oc cccsccee | 9.22] 20.75] 25.60] 31.00] 36.80 43.30} 50.00| 57.50| 65.60| .74.00| 83.00| 147.00| 0... 
A5O.cescsen 10.35| 23.20| 28.70| 34.60| 41.40, 48.50| 56.25] 64.50] 73.40| 93.00| 93.00| 165.09]............. 
HOS, duiceceecet 11.50| 25.45| 32.00] 38.80] 46.20| 54.00| 62.50| 72.00| 82.00] 92.00] 104.00| 184.00|.......... 
0 | 12.80] 28.70] 35.40| 42.90| 51.00| 59.75| 69.30| 79.70| 90.70| 102.00] 115.00| 204.00)........... 
oo | .15.45| 34.80| 43.00] 51.80| 61.75| 72.30| 84.00| 96.50| 110.00] 124.00| 139.09)............. eee 
6005 duties | 18.40| 41.30] 51.00] 61.80] 73.50| 86.40| 100.00| 115.00| 130.00] 147.00] 165.00| 2. [on 
B50. eee | 21.50] 48.50| 60.00| 72.s0| _ 86.50| 101.00] 117.00| 134.00] 154.00| 173.00| 194.00)... eee 
00. essesee | 25.00| 56.25| 69.50| 84.00| 100.00] 117.00] 136.00| 156.00| 179.00] 200.00| 225.00).............. (cee 
T50.cseccccccceee | 28.80] 64.50| 79.50| 96.50| 115.00| 135.00| 156.00| 180.00] 204.00|....... oem bees ee 
2 eee | 32.60] 73.50] 90.00] 110.00] 130.00| 153.00] 178.00] 203.00)... Mecca! Wetiaigies eee fetta 
A ne | 36.80] 83.00] 102.00| 124.00| 147.00| 173.00| 200.00]............ aed eee ee eens l Seaieetolies 
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24 In general steotiee: maximum aceon efficiency sepa oe hot extend to heads greater. than 150 feet, ‘although for 
...,Copyenience the table has been extended to show higher figures. — a 


_ .From table 32 it is seen that 100 feet of 8-inch pipe will require from,7.5 to 10.2 
feet of friction head for a velocity of 10 feet per second. . Assuming a discharge pipe, level 
with the pump, it would be capable of pumping through a pipe from,30.19/10.2 x 100 = 256 to 
5$C.19/7.5 x 100 = 402 feet eee depencing upon the size and character of the gravel and sand 
particles. 

If the cischarge pine bess not weed to be sneer than 200 ‘feet the friction head neces— 
sary would. range from 15 to 20.4 feet, and there would be 30.19 — 20.4 = 9.79 to 30.19.—+ 15 = 
15,19 feet.to elevate the materjal. The pump could then pump material at 10 feet per second 
through 200 feet of 8-inch discharge-pipe, the end of which could be 9.79 to 15.19 feet above 
the center line of the pump, depencing on the size and character of the sand and gravel. 

Since the sand and gravel composed 10 percent of the material pumped, table 33.shows 
that the pump would hancle 209 cubic feet per minute, or 20.9 cubic feet of sand and. gravel . 
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Converting this to hourly sapacity it would be 29.9 x 60 = 125.40 cubic feet, or 46.5 cubic 
yards. 

At 10 percent solids and a velocity of 12 feet per second the pump would deliver through 
212 to 262 feet of level S-inch pipe or through 200 feet of discharge elevated from 1.79 to 
9.19 feet. The delivery would be 25.1 cubic feet of sand and gravel per minute, or 56 cubic 
yards per hour. 

Thus it is evident that with a constant pump speed an increase of 2 feet per second in 
velocity has increased capacity but has cut the length of level discharge pipe an amount rang— 
ing from 84 to 140 feet, or with a constant length (200 feet) of discharge it has cut the 
elevation to a maximum of 1.79 to 9.19 feet. 

In other words, to maintain the same length of level discharge pipe an increase from 10 
to 12 feet per second in velocity and consequent capacity would require that the speed of the 
pump be raised to 587 r.p.m. At this speed the elevation of the end of the discharge pipe, 
if 200 feet long, could be increased to a maximum of 13.72 to 21.12 feet. 

As is evident from the foregoing discussion, it is impossible to present a table of pump 
capacities unless it is confined to certain definite values for the different variables. 
However, it is believed that by the use of the tables given herein an operator can apply the 
values coincident with his local conditions and answer his problems. 

A rough approximation of pump capacity, in which the ratio of solids in the discharge 
is assumed as 10 percent, the velocity of discharge as 12 feet per second, and the total head 
to be within reasonable limits, may be made as follows: 

The capacity in cubic yards per hour equals seven eighths the square of the pump dian- 
eter in inohes. 

In the example cited (above) the 8S~inch pump was calculated to have a capacity of 56 
cubic yards per hour. If this rule is applied, 8 x 8 x 7/8 = 56 cubic yards. 


Working Capacity 


The previous calculations, while based upon experimental data, should nevertheless be 
classed as theoretical and will probably represent what may be termed "average conditions." 
They can easily be greatly exceeded in handling loose, fine sand and, on the other hand, may 
ba greatly reduced in attempting to recover coarse or partly cemented gravel. 

In any case the theoretical capacity should be reduced by 25 percent to obtain a safe 
working capacity. 


CLAMSHELL DREDGE 


The term "clamshell", as applied to a dredge, specifically refers to the use of a clam 
shell bucket swung from the boom of a crane mounted on a floating hull. The term, however, 
is commonly used to cover the same type of excavator using an orangepeel or even in some 
cases a dragline bucket. The general term for this type of excavator is the "grapple" 
dredge. 

Fundamentally the clamshell dredge consists of a barge upon which is mounted an exca- 
vator crane. The crane may be the mobile land type temporarily placed on the barge for use 
as a dredge, or it may be dismounted from its chassis and permanently fixed on the barge. 
In other cases the crane element is built integrally into the hull construction. Either the 
clamshell, orangepeel, or dragline bucket may be used, regardless of the type of mounting. 

The barge or scow on which the orane is mounted may serve as a base only, or the crane 
may be placed at one end and the balance usec as cargo space for gravel loading or temporary 
storage. Some producers install machinery on the hull for either partial or complete treat- 
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ment of the excavated sand and gravel. (See fig. 11.) This type of dredge as used for sand 
and gravel excavation is selcom self-propelled, although for river and hartor work the hull 
often carries driving engines as well as cargo space. 

The clamshell dredge may then perform the single function of excavation; it may combine 
excavation with storage; it may combine excavation with partial or complete treatment; or it 
may combine excavation with transportation. 

Clamshell dredges are essentially submarine excavators but may be used to excavate ma- 
terial to a limited extent atove their floating base. As an example, the dredge may remove 
a thin overburcen from a low bank and cast it to waste in the water. It can then remove the 
gravel from above and telow water level and load it either into barges moored alongside or 
to cars running on tracks laid on the land surface beyond the stripped area. 

Like its land counterpart, the clamshell dredge depends upon the weight of the bucket 
and the shape of its cutting edges to penetrate and dig gravel. It has no means of -forcing 
the bucket into the deposit except to the limited extent possible when using a dragline buck- 
et. The impact of the bucket on the deposit is less in submarine excavation, however, be-— 
cause of the buoyant effect of the water. Hence the dredge has more difficulty in penetrat— 
ing compacted gravels than a crane operating in a dry pit. With this exception the dredge 
is subject to the same difficulties in excavating hardpan as the crane. 

| In excavating sukmerged deposits containing boulders, the operator must spot the bucket 
blindly because of his inability to see below the water surface. Hence more time is required 
than in similar dry excavation. : | 

Mounted on an unstable floating base, the clamshell dredge may not have the lifting 

power of similar land equipment. The lifting power is limited by the buoyancy of the barge 
. Mounting. The action of the dredge may ke compared to the mechanics of a simple lever in 
which the end of the boom is the point of power application, the center of gravity of the 
dredge the point of lift, and the base of the crane the fulcrum. As the lever arm or lift 
increases, the fulcrum is forced deeper into the water. When digging to either side this 
dencs to careen the dredge. Hence the cesigner must resort to marine-engineering principles 
in addition to those required for designing land equipment in maintaining stability. 

The dredge in which the boom and excavating equipment are integral with the hull is 
usually equipped with spuds. When dropped to the bottom and forced into the bed wey act as 
legs and stablize the hull against careening. 

When cigging at excessive depths it is impossible to use spuds, and the gceiades- of 
the dredge and its lifting power are entirely depencent on the buoyancy of the hull. When 
Gcredge hulls are properly designed to fit the operating machinery, the lifting power will 
equal that of similar land equipment. ) 

When dragline tuckets are used on this type of dredge additional strain is thrown upon 
the spuds by the drag of the bucket. This is usually met by supplementing the spuds with 
cables and anchors. 7 ' 

Clamshell dredges are probably in greater use as excavators for river channels or under— 
water foundations than for commercial sand and gravel production, although their use for the 
latter is not at all unusual. | 

‘The cycle of operations is similar to that of the excavator crane but is seuaiay: os 
longer curation. There are various reasons for this. Both hoisting and lowering speeds are 
recuced when the bucket is submerged in water. Swing acceleration is reduced for the same 
reason, although deceleration may be increased. Moreover, the time required to hoist and 
lower the bucket is usually longer with dredges because of their common use for deeper ex-— 
Cavation. However, this does not always follow. In removing gravel from the same submerged 
depth, the operating cycle of the land crane may be greater than that of the dredge because 
the elevation of its working base is higher on the bank and because it must hoist its bucket 


2498 - 120 =~ 


Google 


‘“aSpasp |jaySwWejo jo uejd yoap-ulewW pUe UONAGa BPIS—"T1 ansi4 


NW7e HITO-N/IVW 


eae 


STATE UNIVERSITY 


Original from 


THE OHIO 


Digitized by Coc gle 


I.c.6826. 


to a car on the benk. The dredge, on the other hand, may need to hoist only to clear the 
Side of the barge. | 

Because of their ability to take succeeding bucket loads from independent points irre-— 
spective of any regular scheme of excavation, clamshell dredges operate to better advantage 
than other types of dredges in river deposits containing quantities of sunken logs and other 
debris. In fact this has often been the deciding factor in determining the dredge to use on 
this type of deposit. 


Structural Limitations 


Clamshell dredges operate only from the surface of a body of water. Used principally 
for submarine excavation they can remove material from only a limited height above the water 
surface. 

Owing to the instability of thoir floating base they cannot ordinarily operate with as 
low a boom angle as can the land crane. For this reason their operating reach may be some— 
what curtailed, although their dumping height may equal that of a similarly equipped land 
crane. 

For the same reason the tendency to overturn is greater with the dredge than the crane 
unless the dredge is equipped with spuds. 

The depth from which a clamshell dredge can excavate, however, is limited only by the 
economic factors involved in the lengthened operating cycle. For this reason the clamshell 
is capable of excavating from greater depths than any other type of dredge. | 

The boom may be capable of complete revolution through 360°, as in the case of tempo— 
rarily mounted land equipment, or the movement may be confined to only such portion of the 
circle as may be necessary to load barges moored alongside or to reach the hold or receiving 
hopper serving the treatment macninery on the dredge itself. 

Clamshell dredges may be operated with any convenient type of power, either stean, 
gasOline, Diesel, or electric. Like the shovel and dragline, their intermittent action does 
not lend itself to economic consumption of electrical power. 


service Equipment Required 


Clamshell dredges must be equipped with some sort of apparatus to hold them in position 
and resist the stresses set up while digging. These are supplied by winches with cables and 
anchors, or spuds, depending upon the conditions under which the dredge is operating. When 
spuds are used there are usually 5, 1 at each bow corner of the hull and 1 in the center at 
the stern. The dredge position is shifted by walking on the 2 forward spuds. 

The great majority of dredges of this type are not self-propelled and must therefore 
depend upon some type of transportation unit. For river and harbor work, self=propelled, 
sea-going hulls with cargo hoppers are often used. Tne type of transportation unit in most 
common use is the towboat and barge. In ordinary practice the empty barge is moored along- 
side the dredge; the bucket is swung over the barge and dumped. Usually winches are pro- 
vided on the dredge by which the barge can be moved forward and backward while loading to 
distribute the load evenly over the cargo space. | 

In some installations the clamshell dredge dumps its load to a hopper covered by a pro- 
tecting grizzly constructed either on an auxiliary barge or on the dredge itself. The sand 
and gravel are then picked up from the hopper by a dredge pump and conveyed through pipe 
lines to the treatment plant. In other installations the conditions are reversed and the 
excavation is done by hydraulic dredge which pumps to submarine storage near the plant; from 
there the gravel is picked up. by. a clamshell dredge and elevated to a hopper or other equip- 


ment feeding the plant. 
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In installations in which the digging equipment is mounted on the end of the barge, the 
center and other end of which are fitted for cargo carrying, this type of construction has 
two functions. In one, the dredge is towed to the deposit, loads its cargo capacity, is re- 
turned to the plant or unloading site, and there uses its excavating equipment to unload 
itself. In the other, the dredge remains at the digging site and loads berges as they are 
brought to it. Between visits by the towboat, in case of unusual delay, it may continue to 
dig gravel and load its own hold. Upon arrival of a fleet of empties it can then unload its 
hold to then. 

In more elaborate types of dredgé which either partly or wholly treat the sand and 
gravel, provision must be mace for installation of this equipment and the power to operate 
it. This involves careful hull design and distribution of the various units to maintain e- 
quilibrium under all operating conditions. 


Capacity 


The capacity of a clamshell dredge is subject to the same variable factors as that of 
Similar land equipment, in addition to variables pertaining to ‘marine operation, such as 
storms, floods, leakage of hulls, etc. 

When it is used to excavate from excessive depths, its capacity is reduced by the 
lengthening of its time cycle due to that depth. : oZ_. 

Rated or theoretical capacity for a single unit size cannot be computed because there 
is no common base from which to start calculations. Whereas the shovel or dragline has a 
fairly limited uniform starting and stopping point for each digging cycle, the clamshell 
dredge is constantly changing its hoisting, lowering, and swinging range as material is 
dug. . | 

Working capacity may be calculated approximately for operating conditions, at’ each 
particular site, but this requires data which vary with each location. Generally it may. be 
said that the working capacity of a clamshell dredge will compare favorably with that of a 
crane or dragline operating under similar conditions as to depth of digging and character 
of material being handled. 

With the clamshell dredge as with other types of equipment, the skill and efficiency of 
the operator is a large factor in capacity. This is probably of even greater moment with the 
dredge than with the crane. The operator must constantly keep in mind the danger of over- 
turning the dredge. He must spot each bucket blindly, since he cannot see below the water 
surface. If the deposit is fouled with sunken logs and other debris, he must be expert in 
being able to dig around and remove them, or, if too large to remove, in obtaining a maximun 
of material from their vicinity. 

The time required to spot a bucket for dumping will be reduced in the operation of a 
clamshell dredge because of the larger transportation unit. On the other hand, care must be 
exercised to load barges equally over their whole area. Otherwise they may become dangerous-— 
ly unbalanced on one side or end. Ot a 


ADDER DREDGE 


The ladder dredge was originally developed as a tool to excavate placer gold deposits. 
These deposits seldom contain more than a dollar and often as low as 10¢ in gold per cubic 
yard of gravel, hence the volumetric ratio of gold to gravel is very small. The cost of 
transporting the excavated material to a shore treatment plant, where the gold could be ex- 
tracted, and then disposing of the great volume of gravel, which had no commercial value to 
the placer miner, was too great for economic operation. This type of dredge, therefore, was 
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from necessity developed to dig, treat, and dispose immediately of huge quantities of mater- 
iad with as little handling and in as short a time as possible. To reduce labor costs the 
design embodied complete mechanization. In addition, since placer deposits are often ex- 
tensive, although comparatively shallow and narrow, the unit must have operating mobility 
although it does not require the ability to propel itself over long distances. Ladder dredges 
for placer mining evolved into huge, powerful, self-contained machines requiring a large 
initial investment but capable of low operating costs. 

Since the recovery of commercial sand and gravel combines the necessity of handling 
large tonnages at low cost and the immediate disposal of waste, this type of dredge admirably 
solved the problem for the gravel producer where local conditions permitted its use. The 
ladder dredge has therefore become an important tool in gravel production. 

The design of hull and digging equipment has followed closely that for gold dredges. 
The machinery for treating the gravel has been altered to fit the needs of the gravel pro- 
ducer. The original idea of a big, powerful unit has remained, and this type of gravel dredge 
while built in various sizes and capacities, still remains a tool es large rather than small 
production. 

Ability to dig and treat large quantities at the excavation site so that only marketable 
material needs to be transported enables the ladder dredge to operate at maximun Eaerences 
from distributing points. 

Ladder dredges co not have storage space aboard, except as it may be needed to mrONace 
even flow between the units of the treatment equipment. 

In the absence of self=-propelling machinery, except such as is needed to shift position 
as excavation progresses, they do not perform the function of transportation. Neither is 
this type of dredge designed for excavation only. 

In combining excavation and treatment functions these dredges may be designed for either 
partial or complete treatment. In either case the excess fine sand and silt are eliminated. 
When designed for only partial treatment the dredge separates the sand from the gravel and 
two products only are made. Otherwise both sand and gravel are further washed, crushed, and 
sized for shipment as finished products. 

Neither the design nor the construction of ladder dredges is standardized. Certain conm- 
ponent units follow standards developed by experience, tut the complete assembly differs with 
each dredge. Because of this individualistic design tley must be assembled at the site at 
which they are to be used, or at a shipyard from which they can be floated to their desti- 
nation. 

Although frequently used in ponds of their own making in placer mining, ladder dredges 
are less frequently so used in gravel production probably due to the high initial cost and 
the scaroity of sufficient workable area in close proximity to large markets. Because of 
their size and unsuitability to withstand storms and heavy seas, their use has been confined 
largely to river deposits or well-sheltered lake or ocean beaches. 

Ladder dredges are best adapted to removing horizontal slices from submerged deposits. 

Dredge hulls may be of timber or steel construction. They are rectangular in shape with 
vertical sides and vertical or overhanging bow and stern. At the bow the hull is cut by a 
central well extending a considerable distance amidships. In plan the kull is a rectangle 
with the bow split to form the arms of a two-pronged fork. 

The operating principle, insofar as it concerns excavation, is that of an enlarged and 
powerful bucket elevator. The digging element consists of the elevator supported by and re- 
volving around a structural-steel "ladder" or boom. One end of the ladder is hinged on the 
dredge hull in such a position that the other end is free to be lowered or raised through 
the well in the bow. When in operation the free end of the ladder and elevator is lowered 
to contact tie gravel in the stream bed. It may be raised clear of the water for eeaeesnoe 
or repairs or for change of dredge location. 
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_The structural- steel ladder may be a single rigid unit hinged at its upper end or it may 
be built in two parts, the upper portion integral with ‘the superstructure and the lower por- 
tion hinged at the deck line. The lower end in either case is supported by a Gable ‘reeved 
through a series of multiple blocks hung from a bow gantry usually built in the form of an 
A-frame straddling the central well in the bow. By means of a hoist operating the cable and 
blocks the ladder may be raised or lowered at will. | 

‘ At either end of the ladder is a pulley or spool around which the bucket Seusaniy re- 
volves. The spool at the upper end of the ladder, called the "upper tumbler", is designed as 
a sprocket to act as the drive for the bucket line. That at the lower end, called the "bot- 
tom spool",.acts merely as a guide for the bucket line but must be of unusually heavy con- 
struction to withstand the abrasion to which it is subjected. While digging, the lower end 
of the ladder rests on the stream bed, the whole assembly inclined at an angle varying with 
the depth of the digging and the ladder length. The maximum angle of inclination is 45° 
below the horizontal and the buckets travel upward on top of the ladder en downward on ens 
under side. : a 

The design of the bucket line varies in detail with different manufacturers. There are 
two general types —— the slack line and the tight line. In the former (fig. 12) the total 
length of the bucket line is appreciably greater than double the ladder length. This permits 
the bucket line to hang in a slack loop on the uncer side of the ladder. In consequence, 
several buckets simultaneously contact the deposit in a more or less horizontal line. Advo- 
cates of this design claim that in deposits containing boulders the flexible bucket line 
allows more digging time for each bucket resulting in a higher percentage of eepeceky load 
for individual buckets. | : 

In this type of eeastructvion, the buckets are fastened to two chains, the links of Which 
engage in sprockets on the upper tumbler. The buckets may be spaced on the chain at any ce- 
Sired pitch or may be continuous, each pinned to the next and forming a link in the chain. 

-In the tight line design (fig. 13) the buckets are continuous. The bucket: Tine exceeds 
twice the ladder. length only enough to provide alae In ‘this sat ace cued ‘the ‘digging 
is done as each bucket rounds the bottom spool. ee ee ee 

Each type of design has its advocates and critics. 

On some dredges the upper end of the ladder is hinged close to the bow so that, the lower 
end.is at all times in advance of the hull. In others the ladder is swung some distance back 
of the bow. In shallow digging the point of excavation may then be in advance of the hull, 
but as depth increases and-the ladder is lowered this point retreats to a position vertically 
below the hull. The greater forward extension allows more room on the hull for treatment 
machinery and permits undercutting and caving a bank at a safer distance from the dredge. 

. The ladder dredge excavates by forcing the buckets into the deposit, cutting successive 
slices as each revolves around the lower spool. In loose sand the ladder is suspended on the 
hoist cable, and the buckets pick up the gravel as it caves to them.’ In stiff clay or Cce- 
mented gravel direct force may be applied to the cutting edges of the buckets by lowering the 
ladder and allowing its weight to bear. Because of the weight, power, and saw-tooth cutting 
action of the bucket line surprisingly tough or compacted material can be excavated. 

The ladder dredge is at a disadvantage in deposits containing appreciable amounts of 
boulders larger than can be carried in the buckets, or wherever the deposit is contaminated 
with sunken logs. With an excess of large boulders these collect in the pit formed by the 
digging buckets as they are freed from the finer material. When a sufficient number accumu— 
late they cause trouble by preventing the buckets reaching virgin material or by stopping the 
bucket line. The ladder must then be raised and the dredge swung to a new position. Where 
large sunken logs are present the buckets catch under them and stop the line. This type of 
dredge has no means of picking up boulders or logs and moving them to one side as has the 
clamshell and dipper dredge. | 


_- 


2498 12406 oar 


Google 


BARR EGE 


CUORERED) PRNEDDSEORSOTE) OEE 


Hall 


lf 


AT ERRERRROEE 
Figure 12.—Side elevation of dredge showing slack bucket line. 
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Figure 13.— Elevation of ladder dredge with continuous buckets on tight line. 
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To provide against damage when boulders or logs are encountered, suitable disengaging 
equiprent is sometimes provided, so that when a pull beyond the safe limit is encountered 
the driving mechanism is thrown out of gear and the bucket line stops. Skillful operators 
can usually work around such situations by raising and lowering the ladder while it is in 
operation. 3 


Structural Limitations 


Ladder dredges, because of their heavy and powerful digging units and complement of 
weshing and screening machinery, require large hulls of greater draft than clamshell or hy- 
draulic dredges. Consequently they cannot be moved from place to place as easily and require 
deeper water for operation. 

Having no propelling machinery, they cannot move over extended distances by their own 
power. The usual complement of winches and cables enables movement while digging, but in 
order to change from deposit to deposit they must rely upon towboats or tugs. 

The depth to which a dredge can dig depends entirely upon its individual design. Depth 
ranges do not follow either size of bucket or length of spud. Any ladder dredge can dig from 
the minimum depth at which the hull can be maneuvered to the maximum permitted by the length 
and inclination of its ladder. The length of the ladder on any dredge is designed to suit 
the conditions under which that particular unit may ke operated. Thus a machine wielding a 
2 1/2-cubic foot bucket line may be designed with a short ladder for shallow excavation or a 
long ladder for deep digging. Similarly, the 16— or 2l-cubic foot dredge may have a short 
or long ladder. Either size may also be built for low or high bucket speeds. Excavation 
depths reach 90 feet and are comronly 30 to 50 feet below water line. 

Where a dredge is required to undercut and cave a bank, the location of the lacder hinge 
on the hull is important. A short ladder hinged on the bow may excavate a comparatively high 
bank safely. On the other hand, a longer ladder hinged farther amidships may have an equal 
forward reach at greater depth. In either case, safety in bank caving requires a hydraulic 
pump and jet to cave the upper part of the bank. | 

Ladder dredges discharge the products made by gravity flumes, conveyor kelts, or other 
reans, to barges moored alongside. . 

Ordinarily the upper end of the ladder is carried high on the hull superstructure so 
tuat excavated material feeds by gravity to the washing and screening equipment. In some 
cases, nowever, the discharge end of the ladder is kept low for hull stability, and lighter 
auxillary elevators are employed to carry the material to the height desired. (See fig. 13.) 

The ladder and bucket assembly is capable of vertical motion only. In order to change 
the digging point laterally, therefore, the whole dredge must be swung. Because of the ex~ 
cessive stress to which a long ladder would be subject if the dredge was moved while excavat— 
ing, the usual practice is to raise the ladder clear of the deposit while the dredge is being 
shifted. Fer the same reason ladder dredges are held in position by spuds rather than an- 
chors attached to cables and winches. There is too much flexibility in the latter type of 
anchorage alone to provide the necessary stability for the thrust of the bucket line. 


service Equipment 


Ladder dredges depend upon other equipment for transportation. The most common form of 
such service units are the towboat and barge. Having no storage space aboard, the dredge is 
wiolly dependent upon the transportation unit for capacity production. If the length of haul 
and transportation units are so coordinated as to have empty barges at the dredge at all 
times the latter can usually deliver its designed capacity. 
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By the use of winches mounted on the dredge hull in suitable locations, the dredge can 
ce shifted from one digging position to another through cables and anchors. Ladder dredges 
are held in digging position by means of spuds supplemented by anchors and cables. Spuds may 
be located at the bow or stern as conditions require but are limited to 1 or 2 at the stern 
for small dredges, while those of large capacity may have 4 — one at each corner. 

Other winches are provided for shifting barges while they are being loaded. 

Ladder dredges are essentially self-contained digging and treatment plants. As such, 
they operate at a distance from any source of power. For this reason they usually carry 
cheir own power plant aboard. Power may be either steam, gas, oil, or Diesel engine, or any 
of these may be used as the prime mover to generate electric power. Electric power from a 
source on shore may be used where the dredge is not required to move long distances. As this 
seldom occurs in sand and gravel excavation such dredges generate their own power. The size 
of the power unit supplied to any dredge is a matter of individual requirements and cannot 
be tabulated by dredge size or capacity. 

The usual skiffs or motor tenders are necessary to transport men and supplies to and 
from shore and to place and move anchors. | 

Ladder dredges are equipped with washing and screening equipment, but since this paper 
deals with excavation a discussion of such units will be taken up in a following publication. 


cit 


The capacity of a ladder dredge depends upon the size of the buckets, their spacing on 
the line; the speed at which they travel, and the ability of the operator to keep them coming 
up with a maximum load without stalling. The size and spacing are fixed for each installa- 
tion, and usually the speed is also fixed for each particular dredge. However, these are not 
standard with different dredges, hence two units with the same size buckets may.be capable 
of totally different capacities due to variations in speed or spacing. Moreover, the skill 
of the operator in handling a specific unit may influence the capacity by 100 percent or 
more. For these reasons exact calculations as to capacity cannot be made except for indivi- 
dual dredges for which all the necessary elements are known. If bucket size, spacing, and 
speed are known the theoretical capacity is easily computed, but the average working capacity 
is seldom more than 50 to 60 percent of theoretical. In ideal conditions, however, these 
ratios may be exceeded. 

Buckets as furnished by builders range from 2 1/2 to 21 cubic feet in size. Speeds 
range from 60 to 90 feet per - minute corresponding to the dumping of 15 to 40 buckets per 
minute. Spacing or pitch in lines of the continuous-—bucket design depends on the size and 
design of individual buckets, although the variation in pitch does not increase directly with 
bucket capacity. In noncontinuous bucket lines the pitch is a matter of the individual 
preference of the designer or operator. 

As an example of capacity calculations assume a dredge is fitted with 2 1/2-—cubic foot 
buckets spaced 2 feet apart and traveling at a speed of 60 feet per minute. Such a dredge 
theoretically should deliver 2 1/2 cubic feet of material each 2 seconds, or 167 cubic yards 
per hour. However, it is seldom, and then only for short periods, that each and every bucket 
comes up completely filled, even in the most favorable digging conditions. Moreover, dredges 
seldom operate over 80 percent of the possible working time. Hence, calculations for working 
capacities should be based on 50 to 60 percent of theoretically calculated figures. 

As an indicator of working capacities of various sized dredges, table 59 has. been com— 
piled from reports of operations from various sources. The capacities listed are for actual 
excavation uncer what may be termed "average working conditions." 
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TABLE 39.— Working capacities of ladder dredges? 


Bucket capacity, | Dredge capacity, tons per hour 


cubic feet Fron | To- 

RI eer tee eer 38 75 
2 eee | 63 | 160 
50: hiticetncee | 112 | 260 
O15 eecte ata | 45 | 135 
Bs On sshinccsetiaethe | 168 | 260 
BO seetaetienscstus | 260 | 32 
hy ene eae es eee | EV SO eee ER Te 
50st accor: 168 360 
TiO sternite | 263 | 35 
TO Aawsesen hastens | 216 475 
SO iteiacaia: | 450 | 563 
BO picnics | 70) a eae een Seren 
eee | 450 | * 968 
OS aia | BIB Ni otabetipitecsn ea siaates 
DOC Oss teeters | 512 | 900 
BS GO aia se lanai | 640 | 800 
DSO yscsstitinas heradine | 750 | 950 
ETO iyhvge Parise | BOO) sicesetracsnste tn eves ses 
1220 a osievcnah tar | 900 | 1,200 
BOF setae acess | 450 | 600 


IFigures compiled from operating records of 
gold dredges, 1923~33. 
*Pitch of buckets, 5 feet. 


Hennen Jennings ® gives several tabulations of the performance of gold dredges in Mon- 
tana from which table 40 is abstracted. 

From this calculation it is apparent that the actual tonnage dug by each dredge was 
considerably less tkan the theoretical tonnage even when corrected to the actual average 
steed of the bucket line. This discrepancy must then be due to partly filled buckets. Cal-— 
culating the actual tonnage produced against tie theoretical at the average speed, dredge, 
no. 1 worked at 66.4 percent capacity, no. 2 at 61.2 percent, no. 3 at 53.8 percent, and no. 
4 at 64.0 percent capacity. In other words, a reduction of 40 to 50 percent below theoreti- 
cal capacity is indicated in these examples due to partly filled buckets. If actual tonnage 
was Calculated against theoretical tonnage at the designed speed the recuction would be still 
greater. However, it must be borne in mind that these dredges were digging placer gold, and 
in so doing greater care was used to clean the bedrock thoroughly than would be exercised in 
digging gravel for ccmmerocial purposes. This cleaning of bedrock probably accounts for the 
low efficiency in filling buckets. 

Since this careful clean-up is unnecessary in gravel excavation, it is estimated that 
working capacity can be calculated fairly accurately as 60 percent of the theoretical com 
puted from speeds and bucket sizes. 


3S Jennings, Hennen, History and Develcpment of Gold Dredging in Montana: Bull. 121, Bureau of Mines, 1918, pp. 63. 
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TABLE 40.— Performance data of four electric gold drodges_in Montana 


Item | Dredge _ no, 
Ss 
DR C6? BUT DE nicacton sec cteisn nt cinerea tirana ascennanbeaiagan rns | 1908 | 1908 | 1906 | 1911 
Dacder lene Vids apenas pretation ret tarstes eieten MN ee aenties feet| 69 | 80 |100 {116 
Digging reach below Water..ccccccccccce ccsceseessscsveversveccevevetvivieeete, do. | 30 | 35 | 45 | 55 
ye a ite (108 oe o (2 ec et re ed ee ee err? do. | 22.1 | 28.1 | 40.8 | 45.3 
Typo of bucket—-Lime Grivel e ccccecceecsceseecseeseetctesertvtesttesvevetties | Beit | Belt | Gear | Gear 
PowOr On DUCK E14 fe yori ciarse cialis cena loatieeene neha hp.|100 |100 |150 |550 
NUMDOr Of DUCKOtS oh. cctcnenaravct iene eae | 60 | 80 | 80 | 80 
Buck G00 6 Wiiceet tego ssendeeaniencnees, Menon vere aia sidudh rachseaeraomenan! inches| 32.75| 32.75| 32.75| 40.0 
Bucket: Capacity .ii. need eite ead aoies Ne echedoienaenues cubic feet | Tt | 7 | 94 | 16 
Buckets per minute, theoretical... ccccccccccccscecscesevertecteevtrstetereeusees | 16 |15 |15 | 20 
Buckets per minute, average Operating... ccc cette cree ecceeee | 15.75| 12.98| 14.15| 18.62 
Operating time (percent of total)... cc ceccceeccettetcterieteen | 71 |67 |65 | 65 
Cubic yards cug per hour............ TAA seh oetalant aera catenin eluant cansam unset ae: |174 [132 [161 |420 
Cubic yards dug per bucket... cccccccccceececcessvesccesterseetievesensteeivteneenes |} .1s8{  .18| .1g] = .38 
Total operating cost, cents per Cubic yard... cece cette | 5.66| 6.94] 6.75| 4.85 

Author's calculations from the above data 
Bucket speed, theoreticCal........ccccccccccccsccccecseesecseeseeees feet per minute| 43.7 | 41.0 | 41.0 | 66.6 
Bucket speed, average operating... cccceceree do. | 43.0 | 35.4 | 38.6 | 62.0 
Cubic yards per hour (full buckets): | | | | 
At. theone tical :speed a ecient ance |z66 |250 |317 |710 
AY. Operatine: Speed s.c.5. jee ccnscisiaeubatotad conn cdesoeern dhutatemneneuiacniacet es |262 |216 |299 |656 
DIPPER DREDGE 


The dipper: dredge was developed as an excavation tool for ship-channel and other sub— 
marine excavation.. It has been employed to only a limited extent in sand and gravel excava— 
tion. Although other types of dredges are capable of greater capacities, the dipper dredge 
has distinct advantages in recovering material from certain types of deposits. | eee 

In its essential features the dipper dredge is a power shovel mounted on a floating 
hull. (See fig. .14.) While the shovel is limited to dry and the dipper dredge to wet exca— 
vation, both wield a dipper on the end of a dipper stick mounted on a swinging boom. -Aside 
from this similarity, the two units have little in common, either in structure or operation. 

Like the shovel, the dipper dredge performs the single function of excavation. It nei- 
ther transports nor treats excavated material. : |  & 84 

The shovel. is self-propelled and excavates material lying above its operating base. 
The dredge, on the other hand, is not self-propelled and excavates principally from below the 
surface of the water on which it floats. However, just as a shovel can dig a short distance 
below its base, so the dredge can remove banks extending a short distance above water line. 

Structurally the dipper dredge consists of a rectangular, steel or wooden hull with 
vertical sices and vertical or overhanging bow and stern. At the tow a reenforced wood or 
structural—steel boom is mounted on a base capable of swinging horizontally through an arc 
of 180°, mo-e or less. The -tocm angle may be fixed between 35° to 45° above the horizontal, 
or it. may be. adjustable by. the proper arrangement of cable and blocks. The boom supports the 


2498 - 128 = 


Google 


- I.C.6826. 


dipper stick and dipper. On dipper dredges, howaver, both boom and dipper stick are longer 
and of heavier construction than on a shovel wielding the same size bucket. 

The dipper dredge is a heavy, powerful machine capable of tearing loose heavy clay, 
cemented gravel, and even solid but comparatively soft rock such as shale which could not be 
removed by other types of dredges. It is also efficient in deposits containing a large per- 
centage of boulders or those contaminated by sunken logs, tree trunks, or similar debris. 
An experienced operator can remove boulders too large to pass through the dipper, or he can 
pick up sunken logs and either cast them to one side or load them on floating barges. 

While the dipper dredge.is peculiarly fitted to recover material from deposits offering 
too many difficulties for other types of dredges, it must not be assumed that the dipper 
dredge cannot compete also in easy digging. . 

Like its land counterpart, this type of dredge can be converted to a floating dragline 
or Clamshell dredge by changing buckets, boom, and possibly boom angle. 

Usually dipper dredges are so constructed that they are capable of weathering fairly 
heavy seas and may be classed as more seaworthy than ladder dredges, although this depends 
upon the individual design. 

Like other types of dredges, they must be built at the excavation site or at some ship- 
yard from which they can be floated to their destination. Dipper dredges are more amenable 
to standardization in construction, or perhaps it would be more accurate to say that the com— 
ponent parts of a dipper dredge, and the whole assembly within certain limits, are sus-—- 
ceptible to standardization. Just as the size of the bucket or dipper and the length of boom 
or dipper stick can be varied within the overturning limits of the chassis of the dragline, 
crane, or shovel, so can the same changes be made on a dipper dredge within the buoyancy 


range of its hull. 


Structural Limitations 


The depth to which a dipper dredge can dig, the height to which it can raise its loaded 
dipper, and the radius to which it can reach depend entirely upon the lengths of its boom 
and dipper stick. Variation in specifications based on the type of excavation for which 
they are constructed classify dipper dredges into two groups — deep-water dredges and ditch- 
ing dredges. This differentiation parallels the two main classes of power shovels — the 
excavator and the stripping shovel. Ditching dredges, as their name implies, are used prin- 
cCipally for excavating drainage ditches, and in such work they cast the excavated material 
to the bank on either side of the ditch. Barges rarely are used for conveyance in this work. 
This necessitates a higher and wider dumping range than is required for deep—water dredges 
which dump their material to barges. Because of this differentiation, ditching dredges like 
stripping shovels are fitted with longer booms and dipper sticks than deep-water dredges. 

Ordinarily, the sand and gravel procucer is not interested in the extra radial reach or 
dumping height of either ditching dredge or stripping shovel. However, peculiar local con= 
ditions may require them on a particular deposit; therefore, to present the selective possi- 
bilities available, the same procedure has been followed in tabulating the structural limi- 
tations of dipper dredges as was used with power shovels, that is, no differentiation is made 
between the two general types. Structural dimensions given in table 41 have been compiled 
from manufacturers’ catalogs; in general, maximum lengths of boom, dipper stick, height of 
dump, and lateral reach represent the ditching type of dredge and the minimum figures repre- 
sent the deep-water type, with a considerable overlap between the two extremes. On the other 
hand, maximum digging depth represents deep-water dredges. 

The digging depth is of importance to the gravel producer in that if he contemplates the 
use of a dipper dredge he must provide the proper length of boom and dipper stick to enable 
the dredge to reach the bottom of his deposit or leave valuable material behind hin. 
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| The dumping height is of less importance because he has only to clear the height of the 
barge when empty. This, of course, varies with the type of barge used. The flush—deck barge 
usually rides higher when empty than does the hopper type, although this does not necessarily 
follow. In any case, dumping height required above the surface of the water is usually less 
than where a dredge is used for ditching and the dug material must be dumped to either bank. 

The dumping radius is also of less importance because in ordinary practice the receiving 
barge is moored alongside the dredge and the radius available with the shorter boom and 
stick is sufficient to reach the center line of the barge. Dumping or rather digging radius 

is important when the dredge is excavating material extending a considerable distance above 
the surface of the water. With a long radius the dredge can be kept farther from the bank 
and thus be safer in case the bank caves. . 

The size, shape, draft, and construction of the dredge hull have a direct bearing on the 
operating range of the dipper dredge. The arrangement and distribution of operating machin- 
ery also affect dredge operation. Hulls must be designed and machinery so distributed as to 

provide the proper buoyancy and as nearly even keel as possible at all times. Hull construc-— 
tion must be such as to provide adequate strength to resist the terrific stresses set up by 
the. digging dipper and the swinging of loaded dipper, stick, and boom from side to side. 


~ Service Equipment 


‘Dipper dredges are not self-propelled and therefore must depend upon towboats or tugs 
for movement from one location to another. Like other types of dredges, however, they can be 
advanced while digging by means of winches through cables and anchors. They can also be 
Swung or "walked" along on their spuds. 

To hold the dredge stationary and to prevent careening from the thrust of the dipper, 
this type of dredge is usually constructed with 2 forward and 1] stern vertical spud. Ditch— 
ing dredges usually have the forward spuds hinged at the top so the bases can be swung out— 
ward and set on the bank at either side. In some dredges anchors and cables only may be 
used, but such an arrangement without spuds is not customary. 

The machinery for generating power to drive the excavating engines, power winches, and 
usual complement of auxiliary machines is mounted on the dredge hull. Usually quarters for 
the operating crew are also a part of the structure. . 3 . 

Dipper dredges are usually powered by steam boilers and engines. Smaller sizes may be 
driven through clutches by gasoline or Diesel engines, and the larger units may use the Diesel 
engine as the prime mover to drive electric motors. 

Because of the diversity of design, there is no exact relation between the horsepower 
of the power plant and the size of the dipper. Fifty horsepower per cubic yard of dipper 
capacity may be taken as an approximate indicator of the steam power required. Other types 
of power will usually exceed these figures in rating, but the plant installed should be 
cesigned to fit the needs of the dredge and local conditions. 


Capacity 


All factors that affect the capacity of a power shovel are present to increase or re— 
duce dipper—dredge capacity. In addition, there are others peculiar to submarine excavation 
which tend to facilitate or reduce the rate of digging. 

The dumping height of a dipper dredge used in the production of sand and eravel usually 
needs be sufficient only to clear the side of an empty Cargo barge. Since these are built 
as low as possible, the dumping height necessary above water level] is usually less than that 
required of a shovel above its operating base. This reduces hoisting and therefore cycle 
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tise. On the other hand, the dredge reaches much greater depths below water line than does 
the shovel, which increases its hoisting and cycle time. In addition, the up or down move- 
ment of the dipper under-.water is slower than in air because of the higher resistance of the 
denser medium. The swing motion (empty return) is slowed up for the same reason, although 
to a less extent, since the boom is seldom started to swing (loaded) until the dipper is 
clear of the water. The longer dipper stick and boom also tend to increase cycle time. To 
overcome this, more power is applied, but this requires heavier construction, reducing the 
rate of acceleration and deceleration. 

Due to the buoyant effect of water, less effort is required to move submerged material 
than the same material in air. A boulder of exactly 1 cubic foot and weighing 150 pounds in 
air will require a force of 150 foot-pounds to raise it 1 foot in air. The same boulder sub— 
merged in water will weigh 150 — 62.5, or 87.5 pounds, and hence will require only 87.5 foot— 
pounds of force to raise it 1 foot if water resistance is neglected. This buoyancy is of 
advantage to the dredge. With a dredge and shovel of equal power excavating identical ma— 
terial, the effect is as if the dredge were digging a lighter material. 

The character of the material dug will affect capacity as it does with the shovel. 
Sticky clay will cause suction as it is torn loose by the dipper. Cemented gravel will be 
just as hard to dislodge under water as in air. Loose boulders, however, because of their 
apparently lighter weight, will be easier to move. Sunken logs and tree trunks, for the same 
reason, can be handled more easily. As an example, a dredge can lift and set aside under, _. 
water a water-logged tree trunk of greater weight than it could lift out of the water. In 
this way, such a log could be raised to the surface where lines could be fastened to it, and 
it could then be towed away by the tug. 

The experience and ability of the dredge operator has an even greater effect on capacity 
than that of the shovel operator. The dredge runner must set his dipper into the deposit 
blindly as he cannot see the bottom. For the same reason he must clean the bottom by feeling 
rather than sight. Skill and experience are especially essential in hard digging where the 
cause of stresses cannot be seen. 

The theoretical capacity of a dipper dredge will depend upon the size of the bucket, the 
digging depth below surface, the speed of hoisting and swinging, the arc of swing, and the 
height of lift above water line. Since any or all of these items may vary with each dredge 
unit, theoretical capacities cannot be computed without knowledge of all local conditions. 

The working capacities of dipper dredges will necessarily be less than the theoretical 
ones because of the action of delay factors already discussed. 

Table 41 has been compiled from a number of sources as a guide to approximate working 
capacities. In computing capacities, consideration has been given to the fact that the ca- 
pacity of a given dredge will vary with the lengths of boom and dipper stick, as well as 
changes in the depth from which it is digging. The columns showing theoretical capacity are 
Calculated from rope and revolving speeds and assume that a full bucket is handled each 
cycle. The spread between minimum and maximum is accounted for by the range in lengths of 
boom and dipper stick and the corresponding digging depths and dumping heights. 

Working capacities as estimated make allowance for the customary delays to operation 
and for partly filled buckets. To arrive at these figures, the lower of the theoretical 
capacities has been reduced 50 percent and a cubic yard assumed as weighing 2,900 pounds, 
thus giving an estimated minimum working capacity. The maximum working capacity is computed 
by reducing the larger of the theoretical figures 50 percent and assuming that a cubic yard 
weighs 3,240 pounds. 

These figures are estimates only, and it is easily conceivable that under the most 
favorable conditions the maximum capacities may be greatly increased. They may even be 
doubled for short periods. However, it is felt that the figures given will represent the 
probable working range day in. and day out, including delays of all kinds. 
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TABLE 41.- Dipper-dredge Porkane ranges and eaters ed capacities 


eT : Dipper | Digging r imine: | oe Capacity per hour. 
_-Dipper | Boom | stick | depth | height | Dumping | Maximum | - 
capacity| length, | length, | below. | above. | radius, |theoretical, |Working, - 
cubic feet | feet |surface, |surface, | feet | | cubic | tons 
yards |__| | toot |__ feet |__| vars | 
|Min. Max. |Min. |Max.|Min. |Max. |Min. |Max, |Min. |Max..| Min, |_Max, |Min, |Max. 
1/2..........| 20{ 30] 16] .22| 8 |12 | 4|10 | 15| 30]. 30] Tol: 22| . 
B/Aeo | 25| 35| 19\ 25/10 |14 | 6{12 | 20| 35| . 35| 90| 25]. a 
rere | 35| 60| 25| 40|13 |20.5| 9\27 | 30| 60]. 40| 110| 29|: 89 
1 1/4......| mi 60| 28| 40|14.5|20.5| 12|27 | 35| 60| - 45| 140| 33| 113 
11/2...) 40] 65] 28] 43|14 [25 a 11|29 | 35| 65) 50| 150| 36| 122. | 
1 3/4....| 40| 75) 28] 49/14 |24.5|..21|35 | 35] 75| 45) 175| 33| 142... 
2 thors | 40| 90| 28] 58/23 |28 | 10142 | 35| 90]. - 50| 200| 36| 162 | 
21/2.....|. 40| 90] 28] 58|13 |28 +} 1oj42 | 35| 90] ..65| 240| 47] 194 
~ Biv |. 50] 100{ 40| 6420 |32. | 12\|48 | 55| 100] | 90| 280| 65| 227... 
3 172.....{ 60] 100] 40] 64|20 |s2.5| 21/48 | 55| 100] 120| 340| 987| 275. 
a ee LBD) BS enten | 60|28.5|37. | 25|39 | 75| 94] ..150| 250| 109] 200 | 
oo | 55| 95| 62| 65[/31.5|40 | 14/43.5| 50| 104| 120] -300|  87|. 243 
|. | 


14[18 62| 68|  360| 450| 261|. 365. 


POs stiscitel! $60 eesic | 64]........ ated. baa 
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Figure 14.—Front and side elevations and plan of dipper dredge. 
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